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voltages, variation of, 252 
Vertebrate, 24a 
Vestibular canal, 235 
Vibration, 186 
Villus (plural villi), 373 
Virus, 24a 
Vocal cords, 24a 
Volta, Alessandro (1745-1827), 
375 
Voltaic cell, 375 


Ww 


Weightlessness, 223 
Welding, 296 


x 
Xenon, 240 
Xylem, 207, 24a 


Y 
Yeast, 225 


z 
Zooplankton, 24a 


| HYDROSTATICS 


AIR PRESSURE SUITS 


HE HUMAN body is designed to work surrounded 

by a pressure of roughly 15 pounds per square inch, 

which is the pressure of the surrounding atmosphere at 
sea level. 


Pressure at Great Heights 

The higher above the surface of the Earth you go the 
thinner is the atmosphere and the less is its pressure. 
Without a pressure suit anyone ejected from a high-flying 
aircraft into the rarefied air at, say, 60,000 feet would tend 
to swell out painfully and dangerously since the pressure 
acting inside the body (15 lb. per sq. in.) would be much 
greater than the pressure of its surroundings (about 14 lb. 
per sq. in.). To compensate for the difference in pressure 
outside and inside the body at high altitudes, a double- 
skinned airtight suit is worn. The space inside the double 
skin of the pressure suit is inflated automatically, on 
ejection, until it contains enough gas to make up for the 
difference between the pressure of the surrounding air 
and normal (sea level) atmospheric pressure. 


AT SEA LEVEL ATMOS- 
PHERIC PRESSURE IS 
15 LB. PER SQ. IN. 


At sea level the at- 
mosphere exerts a 


Sorce of roughly 15 


pounds on every 
square inch of a 
body. The human 


body is not affected 
by this force because 
it presses outward 
with an exactly 
equal force; the op- 
posing pressures are 
harmlessly balanced. 


AT_25,000 FT. ATMOS- 
PHERIC PRESSURE IS 6 
LB. PER SQ. IN. 

But the atmosphere is 
much thinner at great 
altitudes than at sea 
level ; at a height of 
25,000 feet it presses 
on the body with only 
about two-fifths of 
the force exerted at 
sea level. Since this 
as less than the pres- 
sure for which the 
human body is con- 
structed, the body 
tends to ‘puff out’. 


AT 60,000 FT. ATMOS- 
PHERIC PRESSURE IS I} 
LB. PER SQ. IN. 

At a height of 60,000 
feet the air pressure 
ts down to about 
one-tenth of its sea- 
level strength. The 
difference between 
the pressure exerted 
by the human body 
and the abnormally 
low pressure of tts 
surroundings at this 
height is so great as 
to make survival 
extremely unlikely. 


ee 
pe 


hull 


Pilots who have to fly at great heights are protected from the » 
reduced atmospheric pressure by a double-skinned suit. The 
suit 1s inflated to ensure that the air in contact with the wearer’s 
body is kept at roughly normal atmospheric pressure—the pressure 
Sor which the human body is best adapted. 
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USIC would be unimaginably 

dull if all musical instruments 
playing a certain note—say middle 
C—were to sound exactly alike. A 
trumpet and a violin would produce 
indistinguishable sounds and there 
would be no point in making different 
musical instruments. Both of these 
instruments are capable of producing 
the same note and yet sounding 
quite different. They make the air 
around them vibrate with a certain 
frequency. In the case of middle C, 
this is at 256 vibrations per second. 
The basic vibration with the largest 
possible wave size is called the 
fundamental. The best known instru- 
ment capable of producing the funda- 
mental without producing additional 
waves is the tuning fork (which is 


NICS 


called harmonics. When a note is 
played, fundamental vibrations are 
set up and also other vibrations 
(called harmonics or over-tones). A 
vibration with a wave half as long 
as the fundamental is called the 2nd 
harmonic; a vibration with a wave 
one-third as long is called the grd 
harmonic and so on. The different 
sound qualities of instruments depend 
on the fact that together with the 
fundamental, or first harmonic, cer- 
tain other harmonics are played, 
some more loudly than others. 
Pictures of the wave forms of 
sounds can be obtained by using an 
electronic apparatus called the 
cathode ray oscillograph. It gives a 
still picture of wave forms that really 
are repeating hundreds or thousands 


Open organ pipes (i) always have antinodes (where the air molecules vibrate most vigorously) at their open ends and can make all the 
possible harmonics (second, third, fourth, etc.), whereas closed ones (ii) which must have nodes (where the air molecules are at rest) at their 
closed ends can only give odd-numbered harmonics (3rd, 5th, etc.). 


BRISTLE 
ATTACHED TO A 
TUNING FORK TRACES 
OUT A WAVY PATTERN ON A 
MOVING SOOTY SURFACE 


With the aid of a microphone and a cathode 
ray oscillograph, wave can be made visible. 
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used for tuning pianos) and because 
of this gives out a very ‘tinny’ note. 
Additional sound waves give the 
‘body’ or quality to musical notes. 
These additional sound waves are 


Wave pattern created by a tuning fork 
sounding the G note above middle C. 


of times-a second. The picture will 
be of a very complicated wave which 
is a combination of the fundamental 
and various harmonics and will need 
to be unscrambled by a mechanical 
harmonics analyser into simple waves, 
one representing each harmonic. The 
harmonics of some waves are so faint 
that they can be ignored. In the 
case of a clarinet, playing the note G 
above middle C, the rst and grd 
harmonics are the most important, 
the 4th and 5th are of lesser impor- 
tance. The second harmonic is almost 


Cathode ray oscilloscope picture of the G p 
above middle C' note played by a clarinet. 
The wave shape is different from that of 
the tuning fork because of the presence of 
additional harmonics. 


undetectable. 
- Two different types of organ pipes 
playing. the same note produce 


different sounds due to the presence 
of different harmonics or overtones. 
The two types of organ pipes are 
the open organ pipe which has both 
ends open and produces antinodes 
(places where vibrations are largest) 
at each end, and the closed organ 
pipe which produces an antinode at 
the open end and a node (place of 
no vibration) at the closed end. 


(1) Wave shapes of fundamental and 3rd 
harmonics. 

(4) Second resultant obtained by adding first 
resultant and 4th harmonic. 


yet ela 


This sonometer has two identical wires. 


Diagram (i) shows how the air in 
an open organ pipe can vibrate in a 
number of ways, in each case keeping 
an antinode at each end. The simplest 
method of vibration occurs when 
there is just one node, half way along 
the pipe. The sound produced by this 
vibration is the fundamental or first 
harmonic. At the same time the air 
in the pipe can vibrate so that there 
are two nodes, one-quarter and three- 
quarters the way along the pipe. 
This gives rise to the second 


(2) First resultant obtained by adding the 3rd 
harmonic to the fundamental. 


(5) Second resultant and 5th harmonic. 


A bridge is placed one third the way 


along the back wire thereby stopping the wire from moving and forming a node. The 
shorter section of this wire is plucked in the middle. The front wire vibrates in 
sympathy. Pieces of paper jump off this wire at antinodes (maximum vibration) and 


stay on at nodes (no vibration). 
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harmonic—a sound whose wave- 
length is half that of the fundamental. 
The same pipe can also produce 3rd, 
4th and 5th and higher harmonics. 

Diagram (ii) shows how the air in 
an organ pipe closed at one end can 
vibrate in a number of ways, in each 
case keeping a node at the closed end 
and an antinode at the open end. 
With just one node and one antinode 
the pipe sounds its fundamental note 
or first harmonic. With a second node 
one-third of the way up the pipe 


(3) First resultant and wave pattern of 4th 
harmonic 

(6) Third resultant obtained by adding 5th 
harmonic to second resultant. 


the sound produced has a wavelength 
of one-third that of the fundamental. 
This gives rise to the third harmonic. 
A closed pipe has no_ second 
harmonic—it has only odd-numbered 
harmonics. Because it lacks even- 
numbered harmonics the closed organ 
pipe gives a sound of different quality 
from the open-ended pipe, though their 
fundamental notes may be the same. 

Harmonics or overtones are what 
makes the violin sound different from 
the euphonium. They give the notes 
their distinctive quality. 


ASTRONOMY 


HE Sun, the star around which 

all of the planets in our solar 
system revolve, is a luminous mass of 
intensely hot gases, more than 300,000 
times as heavy as the Earth and over 
1,000,000 times as large. It is in fact 
our nearest star, though ‘nearest’ 
means that it is still 93,000,000 miles 
away from the Earth on the average 
(the Earth’s path round the Sun is 
elliptical). The Sun is practically our 
only source of light and heat; with- 
out it, life as we know it would be 
impossible. Strangely enough, much 
the same ‘elements are contained in 
the Sun as in the Earth and other 
planets, though in very different 
proportions. More than 99% of the 
Sun is made up of hydrogen and 
helium (with at least ten times as 
much of the former as the latter) but 
both of these elements are extremely 
rare on Earth as gases. 

The surface of the Sun is obviously 
exceedingly hot; the actual tempera- 
ture is around 6,000°C. (about twice 
the temperature of the filament of an 
electric lamp). But it is even hotter 
at, the centre where the temperature 
may reach 20,000,000°C. The amount 
of heat produced by the Sun is 
tremendous. Considering that the 
heat spreads out equally in all direc- 
tions, the share received by the 
Earth is only 0-0000000005%, yet we 
may well be glad on a very hot 
summer’s day that the percentage is 
no higher. This immense amount of 
heat is generated by nuclear reactions. 
In the central ‘power house’ of the 
Sun hydrogen atoms are continually 
combining to produce atoms of a 


prominences are really only visible during an eclipse. 


heavier gas—helium. Each time an 
atom of helium is formed energy in 
the form of light and heat is released 
—this is what makes the Sun ‘shine’. 

In order to produce the amount of 
heat that the Sun does, some 
600,000,000 tons of hydrogen must be 
converted into helium each second. 
The Sun has been doing this for at 
least 5,000,000,000 years but its bulk 
is so great that no more than 10% 
of its hydrogen has been used up. So 
there is no danger of the Sun running 
out of fuel for many many millions 
of years to come. 

The visible part of the Sun, the 
intensely bright sphere of white light, 
is called the photosphere. From time to 
time dark patches, anything up to 
50,000 miles in diameter, appear upon 
it. These are sunspots and represent 
areas of comparatively low tempera- 
ture (4,000°C. instead of 6,000°C.). 
The cause of sunspots is unknown but 
there is a definite cycle in which a 
peak of activity is reached every 
eleven years. The spots are usually 
found between 35° North and South 
of the Sun’s equator (though for some 
reason never within 5° of the equator). 
Early in the cycle they appear in high 
latitudes and drift towards the 
equator but as the cycle progresses 
they make their appearance closer 
and closer to it. The Sun’s heat 
appears to be greater at periods of 
maximum sunspot activity and 
Earthly phenomena at such times in- 
clude magnetic storms, freak radio eff- 
ects and magnificent auroral displays. 

Surrounding the photosphere is the 
chromosphere, a rarefied envelope. of 


The Sun’s i © 1s as in motion, and great flares of luminous gas a -outward. These 


Sunspots, which occasionally occur singly 
but usually in clusters, are not permanent 
features and few last more than two or three 
months. Some last only a few hours. 


crimson gas which can be seen clearly 
only at a total eclipse (when the Moon 
passes directly between the Earth and 
the Sun). Great flares of luminous 
gas, normally invisible against the 
brightness of the Sun, leap many 
thousands of miles out from the 
chromosphere from time to time. 
These solar prominences are thought to 
be linked with sunspots. Beyond the 
chromosphere is the corona, a pearly- 
white halo of extremely rarefied gases, 
which, once again, becomes visible 
only during a total eclipse. 

Like the Earth and most other 
celestial bodies the Sun does not 
remain still but spins on its axis. The 
period taken to complete one revolu- 
tion at the Sun’s equator is about 25 
Earth days, but since the Sun is not 
a solid body, all parts of it do not 
revolve in unison. Near the Sun’s poles 
one complete revolution takes 34 days. 

Though to us the Sun is by far the 
largest and brightest object in the 
sky, when compared to the rest of the 
Universe it becomes far less awe- 
inspiring. The Sun is neither bright 
nor dim as stars go. There are stars 
which are many thousands of times as 
bright as our own and there are stars 
which are too dim to be seen. 
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| ATOMIC CHEMISTRY 


CHEMICAL TERMS 


Elements 
Elements are the simplest substances we can find and they cannot be split 
into anything simpler by chemical means. About go elements occur naturally— 
they are the “building bricks” of the material world. In addition a dozen 
elements have been made artificially in the laboratory. Most of the things 
with which we are familiar—the Earth’s crust, the soil, structures of 
plants and animals, carbohydrates, fats, proteins, vitamins, salts, water, 


minerals and so on are not free elements at all. Such things are made 
by the combination of a few elements. For example, water consists of 
hydrogen and oxygen, two gaseous elements, chemically combined 
together. Water has entirely different properties from the elements which 
it contains. Water can be split (by an electric current) to give these 
elements, but no matter how hard we try, we cannot split hydrogen and 
oxygen further by any chemical process. 


ompounds 
A few free elements can be 
found such as the oxygen, nitro- 
gen and inert gases of the air, but 
most elements are combined in 
various ways, in different pro- 
portions with other elements. 
When two or more elements join 
together they form a compound. Each 
sample of an element is composed 
of very small particles called 
atoms. All the atoms of an element 
are alike, yet different from the 
atoms of any other element. 


2H ,0 — O, Ae 2H, 


Water is a chemical compound of hydrogen 
and oxygen. An electric current passed 
through water splits it up into oxygen and 
hydrogen. These two elements are gases: 
they are quite unlike water. The electric 
current breaks up water molecules, the 
atoms pair up to form new molecules of 
oxygen and hydrogen gases. 
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MIXTURE 
OF 
HYDROGEN 
OXYGEN 


2H, + O, 


When oxygen gas 1s mixed with hydrogen 
gas, the oxygen molecules and the hydrogen 
molecules are quite separate. If a light 1s 
applied hydrogen and oxygen atoms com- 
bine explosively to form water molecules. 


Symbols 

It is convenient to represent an 
atom of an element by a symbol. A 
list is given of symbols of well- 
known elements, some of which 
are metals, others non-metals. 
The initial capital letter is used 
to represent one atom of an 
element wherever possible. Ob- 
viously there will be other ele- 
ments having names with the 
same initial. In these cases 
another letter (written small) is 
added—it may be the second or 
even the third. There are never 
more than two letters in a 
symbol. For a few metallic ele- 
ments the symbols are derived 
from their Latin names, ¢.g., 
iron is represented by Fe 
(ferrum = iron). 


Element Symbol (Latin name) 
aluminium Al 

argon A 

arsenic As 

barium Ba 

boron B 

bromine Br 

calcium Ca 

carbon iS 

chlorine Cl 

chromium Gr 

cobalt Co 

copper Cu (cuprum) 
fluorine 

gold Au (aurum) 
helium He 

hydrogen H 

iodine | 

iron Fe (ferrum) 
krypton Kr 

lead Pb (plumbum) 
magnesium Mg 

manganese Mn 

mercury Hg (hydragyrum) 
neon Ne 

nickel Ni 

nitrogen N 

oxygen O 

phosphorus P 

potassium K (kalium) 
radium Ra 

silicon Si 

silver Ag (argentum) 
sodium Na (natrium) 
sulphur Ss 

tin Sn (stannum) 
uranium U 

xenon Xe 


zinc 


A symbol represents one atom of 
an element. The number of separate 
atoms is indicated by placing the 
number in front of the symbol, 
e.g., 2H means two separate 
atoms of hydrogen. 


Molecules of Elements 

Atoms join together to form 
molecules. Most kinds of atoms will 
do this, with the exception of the 
inert (unreactive) gas atoms. 
Clearly molecules can be of two 
kinds—where all the atoms they 
contain are of the same element, 
and where they are different 
elements. When metals are 
heated and vaporized, their 
atoms exist alone, like those of 
the inert gases, but atoms of the 
other gaseous elements do not 
normally exist by themselves— 
they are joined in pairs. Thus 
two separate hydrogen atoms 
(represented by 2H) would 
quickly join to form one hydrogen 
molecule represented as Hg. (The 
number of joined atoms is shown 
at the bottom right hand corner 
of the symbol.) Similarly the 
gases oxygen, nitrogen and 
chlorine consist of molecules 
which are represented respec- 
tively as O, Nz and Clg. 


Molecules of Compounds 

In molecules of compounds the 
atoms are not all of one kind, 
since two or more elements (with 
different kinds of atoms) are 
joined together. The molecules 
are represented by placing the 
symbols of the elements close 
together (without an addition 
sign), to indicate that they are 
bound together chemically. For 
example, quicklime (calcium 
oxide) has molecules all alike, 
each consisting of one calcium 
atom joined to one oxygen atom. 
The calcium oxide molecule is 
therefore represented by CaO. 
In the case of water, each 
molecule consists of two atoms of 
hydrogen and one atom of 
oxygen bound together chemic- 
ally. The formula is HO. (When 
there is more than one atom of 
an element in the molecule, the 
number is written small at the 
bottom right-hand corner of its 
symbol.) 


MOLECULE OF MOLECULE OF MERCURIC 
CALCIUM OXIDE 
CaO (Quicklime) 


Formulae 

A symbol represents one atom 
of an element. A formula repre- 
sents one molecule of a substance 
(either an element, ¢.g., O., or 


OF OXYGEN 
Os; 


MOLECULE MOLECULE » 
OF OZONE 
Os 


ee a) | a compound, ¢g., H,O). A 

| number in front of a formula tells 

Oe ances ae ReCuiE us how many separate molecules 
Ms ie Vig ls there are of that substance. Thus 

| 3CO, means three separate 

- molecules of the gas carbon 

ww _ dioxide, each consisting of one 
atom of carbon joined to two 

MOLECULE MOLECULE OF atoms of oxygen by chemical 
yea pe ee forces. Similarly 5 Fe,O, means 


five molecules of iron oxide 
(which is found in iron ore) 
each consisting of five atoms 
joined together—two of iron, 
three of oxygen. Sometimes 

TRO GEN formulae are made just a 
Ns ALECURETOE little more complicated than 
pjust ABOVE TTS the examples quoted so far. 

sa aa The formula for alcohol (the 

active ingredient of intoxicating 

liquors) is usually written as 
C,H;OH and not C,H,O. The 
reason for this apparent compli- 
cation is that it gives more 
information about how the atoms 


MOLECULE OF 


SULPHUR Sy are arranged in the molecule. It 
tells us for example that one of 
the six hydrogen atoms in each 
molecule of alcohol is different 
from the rest by being joined to 
and attached to an oxygen atom 
and not to a carbon atom. 


CHLORIDE HgCl, 


MOLECULE OF 
LEAD MONOXIDE 
PbO (LITHARGE) 


MOLECULE OF 
CHROMIUM TRIOXIDE 


CrO,; 


ace 


THREE MOLECULES OF FERRIC (IRON) OXIDE 
WRITTEN AS 3Fe,O 


Sa 


SGN OF 


MN, 
: MOLECULE OF 
ETHYL ALCOHOL 
H 


MOLECULE OF 
MOLECULE OF SULPHURIC ACID 
ALUMINIUM OXIDE Al,O, H,SO, 


THREE MOLECULES OF cao DIOXIDE 
WRITTEN AS 


MOLECULE OF 
NITRIC ACID 


NO, 
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Using a process ai to take a photograph of an artist’s original drawing. The drawing is brightly lit by carbon arc eee 


TECHNOLOGY 


PRIN WUNG IPibAPas 


HETWERPRESS WINNS 


HE easiest way to describe a 

letterpress printing plate is to 
compare it to a rubber stamp. The 
blackened parts of the picture are 
traced on the plate as raised lines or 
dots. These raised surfaces, when 
covered with a thin layer of printing 


An artist's line drawing. 


ink, can transfer a copy of the picture 
to a sheet of paper held against 
them. The pattern on the plate is of 
course the reverse right to left of that 
on the finished page. (This is the 
principle of printing line drawings, 
such as cartoons in newspapers and 
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books. There are many other printing 
methods too) 

How is such a printing plate made? 
Let us assume that the printer wishes 
to reproduce a black and white 
illustration of the kind shown here. 
Note that every part of the picture is 


The reversed photographic negative. 


either black or white—there are no 
greys. The first stage in the process 
is to photograph this original drawing 
on to film. The picture is carefully 
mounted on to a board and illumi- 
nated with powerful lamps. 

After the film is exposed it is 


developed in the normal way. It is a 
negative, that is to say all the white 
parts of the picture show up as black 
on the film and all the black parts 
as white. Now comes a most impor- 
tant part of the operation. The image 
on the film must be transferred to the 
metal printing plate. This is how it 
is done. The plate, about the same 
size as the film and usually made of 
zinc, is given a coating of a special 
‘paint’. This ‘paint’ has the property 
of hardening when light is shone 
onto it. The film is put next to the 
coated side of the plate and a strong 
light shone through it. The result is 
that all the white (transparent) parts 
of the film allow light to pass through, 
and the ‘paint’ there is hardened. 


The Half Tone Screen 


Where continuous tone pictures (e.g., 
photographs) are to be printed, a screen 
is used which splits the picture up into 
large or small dots to suggest shades of 
grey. The tiniest dots show up as light grey 
areas, the larger ones appear as almost 
black. 


se EE 


| Sheers 
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The black parts of the negative allow 
no light in, the ‘paint’ stays soft and 
can be washed off later. Now the 


plate: has on it a complete copy of 


(left) Etching the plate with acid to cut away the ‘white’ parts so that they will not take 


the ink. (right) Routing out unwanted metal from the plate, before it is mounted to bring 


: a 


metal plate, so that the black parts 
will be raised to take the ink. The 
cutting away is achieved with nitric 
acid. First the ‘black’ parts of the 
plate are covered with a powder 
which when melted forms an acid- 
resisting layer over them. The plate 
is then put into a container where 
acid is sprayed and splashéd onto the 
surface, cutting or etching away the 
‘white’ parts. 


which splits a picture up into 
thousands of tiny dots. When it is 
used in the first stage of photography 
the darker parts of a picture appear 
on the film as large dots, the lighter 
parts as very tiny ones. These give 
an impression of overall shading 
when printed onto paper. They can 
easily be seen on any photograph 
printed in, for example, a newspaper. 


The dots which appear on the pic- 


(left) Coating the zinc metal plate with a light-sensitive ‘paint’ so that the image from 
the negative can be (right) ‘printed down’ onto it. To do this the plate and negative 
are tightly clamped together and a light shone onto them. 


it to the same height as the type. (far right) Making a proof of the line drawing from the 
block. Note that only the raised parts of the plate receive ink and transfer it to the paper. 


the original drawing with the black 
parts of the drawing covered with a 
hardened coating of paint. 

The next stage is to cut away the 
‘white’ parts of the picture on the 
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When the plate is finally made it 
is fastened onto a block of wood so 
that its thickness is the same as that 
of the pieces of metal type which 
will print the words on the same page. 
The surface can then be inked with a 
roller and a sheet of paper applied 
to it for the printing process. 

This type of printing plate is 
normally used for line drawings, but 
where there are shades of grey (e.g., 
in a photograph) a screen has to be 
used. A screen is rather like a sieve, 


tures on this page, though they have 
been printed by quite a different 
process, give much the same effect 
(although of course they are in 
different colours). 


201 


A Geiger counter being used to detect radto- 
active dust which could be dangerous uf 
allowed to stay in contact with the human 
body. This checking process ts called 
monitoring. 


CLICK, click, click. This is the 

sound of a Geiger counter at 
work. It is recording the amount of 
radiation (atomic particles or gamma 
rays) being given off by a source of 
radioactivity. Using such an instru- 
ment it is possible, for example, for 
a prospector to detect the ores of 
valuable radioactive substances (such 
as uranium) even while they remain 
buried beneath his feet. 

What is a Geiger counter and how 
does it work? In its simplest form it 
consists of a thin wire stretched along 
the middle of a small metal cylinder. 
The wire and cylinder are enclosed 
in a glass tube which contains a gas 
(e.g., argon) at low pressure. A high 
voltage battery is connected to the 
wire and to the cylinder (see diagram). 

Gases are usually bad conductors 
of electricity and the current would 
not normally be able to pass from the 
battery across the space between the 
cylinder and the wire. This can 
happen only because of the effects 
that atomic particles and radiations 
have on the gas in between wire and 
cylinder. The atoms of gas in the tube 
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| NUCLEAR PHYSICS | 


Detecting Radioactivity 
— the GEIGER COUNTER 


are normally electrically neutral, 
because their positive nuclei are 
‘balanced’ by the negative electrons 
which whirl round them. When 
atomic radiations penetrate through 
into the tube from outside, however, 
they rob the gas atoms of some of 
their outer electrons. This stripping 
process is known as tonization. The 
atoms which have lost electrons are 
no longer electrically neutral—they 
are called zons. 

The electrons (negatively charged 
particles) released during ionization 
are naturally attracted to the wire 
in the tube, which is made electrically 
positive by means of the battery. 
Although a single electron would not 
be able to transfer much charge from 
cylinder to wire, hundreds of thousands 


| FINE WIRE POSITIVE 


into the Geiger counter cylinder, 
therefore, the electrons they set free 
produce a ‘pulse’ of electrical current 
in the counter’s electrical circuit. 
This pulse can be fed into a loud- 
speaker which converts it into an 
audible clicking sound. The more 
radiations there are the faster the 
counter clicks, and thus the instru- 
ment provides an accurate measure- 
ment of the amount of atomic 
radiation in the area around it. 
Normally once the gases in the 
cylinder have been ionized they would 
continue to conduct electricity for 
as long as the battery remained con- 
nected. The first atomic particle to 
fall on the counter would therefore 
normally be the only one recorded. 
This is avoided by including in the 


of them can do so. Just one electron 
‘freed’ by a collision of one particle 
with a gas atom, starts a chain of 
collisions as it moves towards the 
positive wire, each time knocking 
out an electron from yet another gas 
atom. And each of these electrons in 
turn starts another chain of collisions. 
The effect is a building up, or 
avalanche, of electrons, all of which 
can carry an electrical charge to the 
Geiger counter wire from the cylinder. 

Every time atomic radiations pass 


gas mixture an organic vapour (such 
as alcohol vapour) which ‘quenches’ 
its avalanche of electrons. 

Rays given off by radioactive sub- 
stances such as radium and uranium 
cannot be detected by any of our 
senses, yet they can be a danger to 
human life if they are above a 
certain concentration. It is therefore 
very necessary to use such detectors 
as the Geiger counter in places 
where radioactive materials are being 
used. 


| ELECTRONICS | 


THERMIONIC 


EMISSION 


CURRENT of electricity flowing 
in a wire consists of electrons 
jumping from one atom to the next 
all the way along the wire. These 
electrons (tiny negatively-charged 
particles) come from the outermost 
parts of the metal atoms which make 
up the wire. They are known as ‘free’ 
electrons to distinguish them from the 
other, more tightly held, electrons 
which also form part of the atoms. If 
two bare wires laid side by side (but 
not touching) are connected to a 
battery, no current flows between 
them (unless the battery is large 
enough to cause sparks). The free 
electrons cannot break out of the wires. 
The working of a radio valve, how- 
ever, depends upon such electrons 
being completely free and able to move 
through the empty space which separ- 
ates the various parts of the valve. 
Although free electrons can drift 
along a metal wire they cannot easily 
escape from its surface. This is because 
of the forces of attraction exerted on 
each free electron by the surrounding 
atoms. An electron inside the wire is 
surrounded on all sides by atoms. 
The surrounding atoms try to ‘pull’ 
the electron in every direction, with 
the result that they cancel each other 
out. An electron at the surface of the 
wire, however, has no metal atoms 
on one side of it. (The atoms—or 
strictly speaking groups of atoms 
called molecules—in air are so widely 
scattered that their effects are negli- 
gible.) This means that all the forces 
of attraction are trying to pull the 
electron back into the wire. Only a 
few very ‘energetic’ electrons manage 
to break through the barrier of 
attractive forces and escape from the 
surface. Free electrons can be made 
more ‘energetic’ in a number of ways 
so that they have a better chance of 


breaking away. The usual method of 
energizing them is merely to heat 
the wire in which they are contained 
by passing an electric current through 
it. In the filament of an ordinary 
electric lamp the free electrons move 
about so vigorously that some of them 
escape from the hot filament 
altogether. They are, so to speak, 
‘boiled out’ of the filament. In a 
lamp the escaping electrons congre- 
gate uselessly in an invisible cloud 
around the filament. In a radio valve 
they are pulled across to a metal 
plate (the anode), because this is 
arranged to be more ‘electrically 
positive’ than the filament and the 
positive charges on the plate attract 
the opposite (negative) charges of the 
electrons. 

The number of electrons breaking 
out of a hot wire depends upon two 
factors—the temperature of the wire 
(the number increases enormously as 
the temperature is raised) and the 
material the wire is made from. Some 
materials allow free electrons to 
escape easily; others exert such a 
strong force of attraction on their free 
electrons that the electrons need to 
take in a great deal of energy before 
they can break through the surface 
‘barrier’. A mixture of thorium and 
carbon alloyed with tungsten is one 
material that has a fairly small surface 
barrier effect; a mixture of barium 
oxide and strontium oxide is another. 
Both of these are used as cathodes 
(sources of electrons) in valves. (A 
mixture of barium oxide and stron- 
tium oxide will not carry a current— 
it has to be heated indirectly by 
painting it onto a sleeve which 
surrounds a white-hot filament) 

The number of electrons released 
from the cathode depends on the 
material and its temperature. 


Upper picture shows the cathode of a thermionic valve. The cathode is a metal sleeve 
whose outer surface is coated with barium oxide and strontium oxide. (Lower picture) 
When the cathode is heated (by passing a current through a fine wire filament inside the 
sleeve) electrons are emitted from the oxides forming a cloud around the cathode. 
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Light coming from the electric light bulb is converged and brought 
to a focus by a convex lens. 


A diverging, or concave, lens spreads the light passing through it from 
the electric light source. 


The paper cuts off most of the light. 
small section of the rays to pass through. 


Light reflecting from the coloured object is converged b 
lens to give a small coloured image on the screen. 
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OPTICS 


Light and 
Lenses 


O ALL sorts of optical instruments lenses are essential. 

There would be no microscopes without them, nor 
film cameras, nor film projectors. In fact a natural lens 
forms an important part of every human eye. A lens can 
do two things with light rays. It can concentrate or 
disperse them, and, more important, it can form them 
into a replica (image) of any object which emits or 
reflects light rays. 

Why are lenses able to do this? When a ray of light 
passes from one transparent substance to another along 
a normal (an i: .ginary line drawn at right angles to the 
surface separating the two substances) it continues 
straight on in the same direction. But when a ray passes 
from one substance to another at an angle it is bent, or 


Types of Lenses 


refracted. ‘This is due to the fact that light travels at 
different speeds through different substances (various 
substances are said to have various ‘optical densities’). 
Glass, for example, is optically denser than air. Light 
passing from air to glass at an angle is slowed down 
and bent in the process. Light passing from glass to air 
at an angle is speeded up and also bent. Which way the 
light bends depends upon whether it passes from a dense 
to a less dense substance or the other way round. Light pas- 
sing from glass to air is bent away from the normal, while 
light passing from air to glass is bent towards the normal. 

When light passes at an angle through a window pane 


it does not seem to change its direction. Yet all that has 


been said still holds true. What happens is that the light 
is bent upon entering the glass and bent again upon 
leaving it, but the two bendings cancel each other out (in 
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A ray of light perpendicular to a piece of glass passes 
straight through without changing direction. Another ray at an 
angle to the glass bends on entering and on leaving. lis direction 
on leaving is the same as on entering. 


SUN’S RAYS 


ddd 


PAPER STRIP 


The Sun’s rays are focused by the glass globe of the sunshine 
recorder and will char a piece of paper. From the length of the 
charred trace, the hours of sunshine can be calculated. 


the first case the light is bent towards the normal and in the 
second case away from it). This is where a lens differs from 
a pane of glass; it is shaped in such a way that instead 
of the two bendings cancelling each other out, one rein- 
forces the other and so the direction of the light is changed. 

A double convex lens is a piece of glass or other trans- 
parent material which presents two bulging faces, 7.¢., it 
is fatter in the middle than at the edges. A source of 
light sends out light rays in all directions. The diagram 
shows what happens when a source of light is placed 
near a double convex lens. Those light rays which strike 
the lens and pass through it are bent towards each other, 
1.¢., they converge. The point at which they meet is called 
a focus. If a piece of white paper were to be placed at the 
focus a bright spot of light would appear upon it. 

A double concave lens is a piece of glass which presents 


Rays passing through the edge of a lens and rays huts Sages 
the centre often come to different foci. This lens defect is known as 
spherical aberration. 


two hollow faces, 2.¢., it is thinner in the middle than at 
the edges. If a source of light is placed near a double 
concave lens, those rays which strike the lens and pass 
through it will be bent away from each other, i.e., they 
will diverge. There is very little practical use in weakening 
light in this way but concave lenses are in fact very useful in 
optical instruments for adjusting the effect of convex lenses. 

The ‘burning glass’ is a double convex lens. Rays of 
light passing through it converge and meet at the focus. 
But the Sun’s rays are accompanied by infra-red (heat) rays 
and these, too, are focused by the lens in a similar manner. 
So if a burning glass is held up to the Sun, and a piece of 
paper is placed so that the light rays are focused upon it 
as a bright spot, the invisible heat rays will also be 
focused at that point and the paper will char. 

If a marble, say, is placed in front of a double convex 
lens instead of a source of light the result is very similar. 
The spherical marble reflects in all directions light 
falling upon it. Those rays which strike the lens and pass 
through it are bent towards each other and brought to 
a focus. If a piece of paper were to be placed at this point 
an image of the marble would appear upon it (provided 
that the marble is brightly illuminated). 

One important defect of the simple convex lens, which 
arises from the spherical shape of its faces, is that it 
produces a blurred image. This is known as spherical 
aberration. It is due to the fact that a lens bends light 
rays that pass near its edge more than those which pass 
near its centre. So light rays reflected from an object 
striking the lens at different points, are not focused onto 
exactly the same spot. This defect could be overcome by 
altering the shape of the lens slightly. The difficulty here 
is that the very way in which lenses are made (grinding 
by revolving abrasive pads) means that their surface must 
be spherical. The usual method of minimising spherical 
aberration is to prevent the light passing through the 
edges of the lens where the excessive bending takes place. 

The next article in this series will describe in greater 
detail the formation of images by lenses. 
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PHOTOSYNTHESIS 


N animal eats either plants or 

other animals. The animals that 
a flesh-eating animal consumes may 
themselves be flesh-eating but in 
every food chain there comes a point 
where a green plant has been eaten. 
Even when we eat bread we are eating 
food that has been prepared from a 
plant. Indeed ‘all flesh is grass’. The 
green plant is the mainstay of the 
living world. 

Our food not only supplies the 
molecules which our bodies can piece 
together to build up muscle, bone, 
etc., it also supplies us with the 
energy needed to perform these tasks, 
to repair worn or damaged organs, 
to enable us to breathe, to move 


ewe PLANTS 
“= ANIMALS 


WINTER 


SPRING 


about and so on. 

When an animal eats a plant the 
energy it obtains has originally come 
from sunlight. The basic source of all 
food is the remarkable process called 
photosynthesis, occurring in all green 
plants that possess the mixture of 
pigments called chlorophyll. The raw 
materials of photosynthesis are pieced 
together using the energy of sunlight 
so that the products of the process 
incorporate some of this energy and 
so form an energy store which can be 
used by the plant in its other pro- 
cesses (the only plants able to make 
their own food apart from green 
plants are bacteria). 

This dependence of other living 
things upon the green plant is illus- 
trated very clearly by comparing the 
numbers of floating and drifting 
plants (phytoplankton) and animals 
(zooplankton) in the Atlantic Ocean 
over the year. From the graph you 
will see that a rise in the numbers of 
green plants in the spring is followed 
by a rapid rise in the numbers of 
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animals. ‘These graze on the plants so 
that the numbers of the latter drop 
quickly followed by a drop in the 
number of animals since they have 
little plant food left to feed on. When 
there is a further brief rise in the plant 
population in the autumn there is also 
a rise in the animal population, which 
again rapidly reduces the number of 
plants down to a low level. So the 
animal numbers drop off once again 
when the food supply becomes scarce. 


What is photosynthesis and where 
does it occur 

Photosynthesis (photo—light; syn- 
thesis—building), or carbon assimila- 
tion as it is also called, is the process 


VARIATIONS IN PLANT AND ANIMAL 
PLANKTON POPULATIONS 


SUMMER AUTUMN 


in which the green plant builds up 
sugars, starch and so on from 
carbon dioxide and water using the 
energy of sunlight. The plant obtains 
its carbon dioxide from the air and 
the water is taken in from the soil 
through the roots. Most _ photo- 
synthesis takes place in the leaves. 
It is here in the cells which possess 
the chlorophyll-containing _ bodies 
called chloroplasts, that the atoms of 
carbon dioxide and water are 
rearranged, so that sugars are formed 
after a complicated series of chemical 
reactions have taken place. The 
energy for part of this chain of 
reactions comes from sunlight having 
been trapped by the chlorophyll and 
then handed on from this to other 
chemical compounds. 

The amount of carbon dioxide in 
the lower atmosphere is only about 
3 parts in 10,000 of air. It is calculated 
that each year the green plants con- 
sume over 35 of this amount, so that 
in just under thirty years all the 
carbon dioxide would be used up 


unless it were replaced. In fact the 
percentage of carbon dioxide in the 
air remains approximately the same 
from year to year. Carbon dioxide is 
released by both plants and animals 
in the ‘food-burning processes’ which 
take place within their cells. Con- 
siderable quantities are also released 
from fires and volcanoes, and the 
minute organisms in the soil that 
are responsible for decomposing dead 
animal and plant remains also pro- 
duce large amounts. 

Carbon dioxide enters the leaves of 
the plant mainly through the tiny 
pores in the leaf skin. These stomata 
as they are called (singular: stoma) 
are usually found mainly in the skin 
of the lower side of the leaf. Many of 
the cells inside the leaf skin have air 
spaces between them. The cells them- 
selves have a layer of protoplasm 
lining the inside of the cell wall and 
inside this is a watery fluid, the cell 
sap. The protoplasm contains the 
chlorophyll-containing bodies (chlo- 
roplasts). Before it can take part in 
photosynthesis the carbon dioxide has 
to make its way to the chloroplasts, 
since photosynthesis can only take 
place in the presence of chlorophyll. 
The leaf cells adjacent to air spaces 
have a thin film of water over their 
free surfaces and the carbon dioxide 
which has entered the leaf through 
the stomata dissolves in the watery 
film (this water has reached the 
leaves from the roots in the transpira- 
tion stream, the column of water 
which is pulled up the stem of the 
plant to the leaves due to the evapora- 
tion of water from them by the sun). 

In solution the carbon dioxide can 
pass through the water-laden walls 
of the leaf cells into the chloroplasts 
which themselves are in the watery 
protoplasm. 


A diagram of a chloroplast summarising 
its role in photosynthesis. 
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A block diagram of part of a leaf showing the entry of carbon dioxide through the stomata and its passage into the leaf cells. Oxygen produced 
in photosynthesis passes out of the leaf pores. Water (blue arrows) is shown passing from the water-conducting channels (xylem) into the 
leaf cells. Some of it takes part with the carbon dioxide in photosynthesis while much of it passes out of the leaf pores as water vapour 


evaporated by the sunlight. 


SIDE CHAIN NOT SHOWN 
ERE 


A representation of a chlorophyll molecule. Carbon atoms—black, 


hydrogen—white, nitrogen—blue, oxygen—red, magnesium— 
lilac. 
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Photosynthesis—six molecules of carbon dioxide together with 


six molecules of water produce one molecule of glucose sugar 
(shown in two different ways) and six molecules of oxyge 


207 


The leaf skin is transparent. Most 
of the sunlight which falls on the leaf 
is able to pass through the skin, 
though only a small proportion of the 
light absorbed by the leaf falls on the 
chlorophyll and is actually taken up 
by it and used in photosynthesis. 
However, chlorophyll does absorb 
most of the light that falls on it. This 
is of tremendous importance to the 
plant, for it absorbs a much greater 
proportion of the light which falls on 
it than do the other constituents of the 
leaf (e.g., water, carbon dioxide, etc.). 
Not only does it absorb light energy 
but it is also able to hand on at least 
part of this energy to other chemical 
substances in the leaf. These are 
unable to obtain light energy directly. 
Substances which absorb light energy 
and pass some of it on to others are 


Two leaves are removed from a destarched plant. 
The upper side of one and the lower side of the other 
is greased with vaseline. The stalks of each are dipped 
in water (1) and the leaves are left in light for four 
hours. Most of the vaseline is wiped off and (2) the 
leaves are placed in a solution of iodine in potassium- 
iodide. The plant greased on the upper side develops 
a blue colour (3b), showing that starch has formed from 
carbon dioxide which was able to enter through the 
leaf pores. No colour develops in the other leaf (3a) 
in which the pores (these are mainly on the underside) 
were blocked. 


called photosensitizers. A practical 
example is the dye incorporated in 
certain photographic films. Visible 
light will change the silver bromide 
into silver and bromine on an 
ordinary black and white film. But 
infra-red rays (heat) will not produce 
the desired result unless a special dye 
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(a photosensitizer) is added to the 
silver bromide. 

The amount of chlorophyll in the 
leaf does not change as photosynthesis 
proceeds. It enables the reaction to 
proceed but it can be recovered 
intact after the reaction has taken 
place (i.e., it is a catalyst). 

The net result of photosynthesis in 
the chloroplasts is that the atoms of 
the carbon dioxide and some atoms 
of the water molecules are pieced 
together, using the energy of sunlight 
which is passed on to some of the 
substances taking part, to form sugar 
and oxygen. The oxygen is given off 
as gas bubbles into the air spaces of the 
leaf and passes out of the stomata into 
the atmosphere. If on a bright day you 
look at the surface of a pond in which 
pondweed is growing you will see 


numerous tiny bubbles rising to the 
surface. These are bubbles of oxygen 
gas that have escaped from the leaves 
of the pondweed and which have been 
produced as a result of photosynthesis. 

Though we summarise photosyn- 
thesis by saying that carbon dioxide 
plus water and energy yield sugar and 
oxygen according to the equation :— 
6CO, + 6H,O + Energy—>C, H,, O, + 60, 
a water glucose sugar oxygen 
this is really an over-simplification. 
For photosynthesis is not just one 
simple reaction, it is a very compli- 
cated series—a chain, maybe several 
chains—of chemical reactions, of 
which carbon dioxide and water form 
the starting point and oxygen and 
sugar form the end point (each 
reaction is controlled by an enzyme). 
Though we know some of the inter- 
mediate chemical substances that are 
formed, these may be only a few of the 
many intermediates that undoubtedly 
exist. Even though reactions are shown 
to take place in the test tube under 


laboratory conditions, this does not 
prove that the same reactions take 
place in the living plant cells in the 
leaf. 

We are fairly certain, however, that 
in one of the chemical reactions 
oxygen is split off from the water 
molecule and is given off by the plant. 
It is this reaction which requires 
light, and the energy released by it is 
incorporated into chemical substances 
which then undergo many further 
reactions to produce the food 
materials needed by the plant. 

Though carbon dioxide and water 
are the basic raw materials of photo- 
synthesis some mineral salts are also 
necessary. The chlorophyll molecules 
each contain an atom of magnesium. 
If magnesium is lacking from a plant’s 
diet the plant becomes yellow and is 
unable to form any chlorophyll, it 
cannot photosynthesise and so may 
eventually die. Iron, too, is necessary 
in small quantities for the formation of 
chlorophyll though it is not part of the 
chlorophyll molecule. Lack of iron 
also causes the green plant to become 
yellow. 

The speed at which photosynthesis 
occurs depends on a number of 
factors, such as the amount of carbon 
dioxide that enters the plant, the 
light intensity, the amount of chloro- 
phyll in the chloroplasts, and the 
temperature. If any one of these 
increases it may cause an increase in 
the rate at which photosynthesis takes 
place though the effect of each factor 
will always depend on the others—if 
the light intensity is too high, for 
example, photosynthesis will stop 
because the chlorophyll is destroyed, 
so that an increase in the other 
factors will not cause photosynthesis 
to occur. 

Photosynthesis also depends on the 
opening and closing of the stomata. 
These are generally open during the 
day and closed at night. However, 
when the plant has lost an excessive 
amount of moisture, during a long dry 
spell for example, the stomata may 
open only for a short time or not at all 
so that the amount of carbon dioxide 
which can enter the leaf is severely 
restricted, perhaps reduced to zero. 
This means that photosynthesis is 
restricted or prevented. 


EVERY gardener knows that plants 

will not grow well unless they are 
supplied with certain substances. 
Thus potash (which contains potas- 
sium) is a valuable ‘food’ for crops 
such as potatoes and for good fruit 
production. Plants which grow in soils 
that are short of phosphorus grow 
slowly and their leaves are often 
tinged with red. Clover, too, does 
not grow well in phosphorus-deficient 
grassland. By adding nitrogen to 
the soil in the form of nitrates, plant 
growth may be greatly increased and 
the yellowish leaves become dark 
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green (providing no other necessary 
element is missing). 

The plant body consists mainly of 
carbon, hydrogen, oxygen and _ nitrogen. 
Nearly all the carbon and oxygen is 
obtained from the carbon dioxide in 
the surrounding atmosphere and most 
of the hydrogen is obtained from the 
water absorbed by the roots. Nitrogen 
is absorbed through the roots as 
‘nitrate’ dissolved in the soil water. 

If a plant is burnt and the ash that 
remains is analysed it will be found 
to contain several other elements, 
namely iron, magnesium, aluminium, 
calcium, potassium, sodium, silicon, phos- 
phorus, sulphur and chlorine. The pro- 
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A water culture experiment 


A series of flasks with seedlings growing in 
them. One flask contains all the elements 
necessary for healthy growth, the others 
each lack one different essential element 
and the plants in them show obvious signs 
of ill-health. Each flask contains the trace 
elements. 


portions of these vary considerably 
and not all of them are essential for 
the healthy growth of the plant. For 
example, though sodium and chlorine 
are present in considerable quantities 
they have not been shown to be 
essential. The ones which are essential 
can be shown by growing the plants 
in special water cultures. Plants are 
grown in jars containing carefully 
balanced quantities of certain salts 
dissolved in water. Some of the jars 
contain all of the necessary elements 
and each of the others lacks one dif- 
ferent element. The plants supplied 
with all the elements grow healthily, 
while some of the others appear yellow 
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THE IMPORTANCE OF 
IONS 


Copper will not dissolve in water.Cop- 
per sulphate contains copper yet will dis- 
solve completely in water. Copper sul- 
phate, like any salt, is made up of in- 
complete atoms called ions. A copper ion 
in copper sulphate is an atom which has 
lost two of its outer electrons and is 
therefore positively charged. An ion 
behaves quite differently from a com- 
plete atom of the same metal. 

One important factor in determining 
the ease with which elements enter the 
plant is the size of the ions of these ele- 
ments. In a watery solution each ion ob- 
tains a ‘coating’ of water (each is said to 
be hydrated). The larger hydrated ions 
pass less easily into the root. Sodium, for 
example, does not enter the root so 
rapidly as potassium. The rate at which 
various ions enter will also depend on 
their concentration in the soil and on the 
proportions of other ions present. 

The water culture experiments reveal 
that when some elements are absent 
from a plant’s ‘diet’ the growth of 
the plant is seriously affected. 


Nitrogen 

Nitrogen is of utmost importance. 
It may account for as much as 4 per 
cent of the plant’s dry weight (i.e. its 
weight minus that of the water it 
contains). The majority of plants rely 
on the nitrogen in the soil for their 
supply and it is absorbed by the roots 
in the form of nitrate or in the am- 
monium part of an ammonium salt. 
The nitrogen absorbed is rapidly used 
up and is eventually built up into the 
complicated molecules called amino 
acids and proteins. These form the 
main part of the plant’s protoplasm 
(proteins and amino acids are com- 
pounds whose molecules contain car- 
bon, hydrogen, oxygen and nitrogen 
atoms and sometimes sulphur atoms 
as well). If nitrogen is lacking from 
the plant’s diet it is unable to build 
up amino acids or proteins, since the 
latter are formed by the joining to- 
gether of amino acid molecules. A 
seedling will never reach a very large 
size—it will be able to grow for a 
time using the stores of nitrogen 
in the seed—and will eventually die. 


Magnesium 

Magnesium is an essential part of the 
chlorophyll molecule. If it is lacking no 
chlorophyll can be formed, although the 
plant will be able to grow using the food 
stored in the seed. It will lack any green 
pigment (a condition called chlorosis) 
and it will produce seeds of a poor 
quality and which are few in number. 


Iron 

Though iron is not itself part of the 
chlorophyll molecule it is necessary 
for the formation of chlorophyll. Lack 
of iron causes the young leaves of the 
seedling to appear a creamy white due to 
the absence of the chemical reactions 
within the living cells of the plant. 
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or stunted, showing that the elements 
missing from these jars are necessary 
for healthy growth. Six elements are 
essential in relatively large amounts 
besides carbon, hydrogen, oxygen and 
nitrogen. These are calcium, iron, mag- 
nestum, phosphorus, potassium and sul- 
phur. Other substances are also needed, 
but only in the minutest quantities. 
These are the so-called trace elements 
—manganese, boron, zinc, copper and, 
in some plants, molybdenum. They are 
supplied in the water cultures, for the 
salts used in this experiment usually 
contain them as impurities. 

Apart from most of the carbon 
and oxygen, the plant absorbs the 
elements it requires in solution from 
the reservoir of minerals in the soil. 
Usually these are not present as 
molecules but as ions in solution in 
the soil water. Each soil particle 
holds a thin film of water round it. 
This film contains ions which are also 
present in decaying material (humus) 
and also in any water which lies 
freely in the soil (i.e. not attached to 
soil particles). 

Though the minerals enter the root 
hairs in solution, there is no relation- 
ship between the quantities of water 
absorbed and the quantities of 
minerals taken in. Water passes into 
the root cells by osmosis (as described 
in a previous article), but exactly how 
minerals pass into the root is at 
present not clear. The rate at which 
they are taken up from the soil may 
vary considerably. Some elements 
enter the root much more easily than 
others. Also their concentrations in 
the root may be much higher than 
those in the soil so that work has to be 
done (i.e. energy expended) to obtain 


When the tons of some elements (e.g. 
calcium, potassium, magnesium) enter the 
root hair in solution from the soil the ions 
of one or more elements may pass out in 
exchange to help maintain the correct pro- 
portions of tons with positive and negative 
charges in the root hair. 


them. The energy for the uptake of 
minerals comes from respiration (i.e. 
the ‘food-burning processes’ which 
take place in the cells of the root). 
The ‘fuel’ consumed in respiration is 
usually a sugar or similar compound, 
and this will either have been formed 
in the plant’s food-building processes 
(photosynthesis) in the leaves or 
formed from one of the products of 
photosynthesis. Respiration usually 
requires oxygen, and so it is important 
that the soil round the roots has 
plenty of air spaces in it to allow 
oxygen to pass into it from the 
atmosphere. 

After the minerals have entered the 
root hair they will pass from cell to 
cell. Some may be used up by the 
growing cells of the root, the re- 
mainder will reach the water-con- 
ducting cells in the centre of the 
root and will be carried to the upper 
parts of the plant in the stream of 
water (transpiration stream) being 
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A diagram of a highly magnified root hair cell showing its relation with the soil particles. 
These may have a covering film of water over their surfaces. The elements are shown as 
tons in solution in the soil water and passing into the root hair. 


pulled upwards to replace that evap- 
orated from the leaves by the Sun. 
Any cells near the water-conducting 
channels will be able to build up a 
‘stock’ of minerals very quickly (if 
chemical reactions are proceeding 
rapidly in them). 

Most of our knowledge of the 
minerals that a plant requires, and the 
deficiency diseases caused by their 
absence, has come from water culture 
and other experiments in the labor- 
atory. However, we have also dis- 
covered many facts from farming. The 
failure of crops to grow in certain 
areas due to the absence of some 
elements from the soil, and a gradual 
fall in the yield due to farming over- 


intensively and thus exhausting the 


soil, are two examples. 
In former times farmers employed a 


system of crop rotation whereby they 
left a field fallow for a year, having 
grown crops on it for a few years 
previously. This meant that each 
year large areas of land were pro- 
ducing nothing. The modern practice 
is to apply fertilizers that contain 
particularly the elements that are 
most likely to be exhausted quickly. 
Generally these are potassium, phos- 
phorus and nitrogen. In some parts 
of the world lack of trace elements 
has seriously affected the growth of 
fruit trees and crops. Orange trees 
in California suffer naturally from 
a lack of zinc, and ‘grey speck’ of 
oats, particularly prevalent in fen 
country, is due to manganese defi- 
ciency. Many of the crops grown on 
land reclaimed from the sea in Hol- 
land suffered from copper deficiency. 


Potassium 

The exact role of potassium in the 
plant is not known and the results of 
its deficiency vary considerably as the 
amounts of other elements vary. If 
ample supplies of nitrogen and phos- 
phorus are present new growth is not 
usually slowed down by the absence of 
potassium, but the older parts (particu- 
larly the leaves) tend to become yellow 
and die. This affects the plant’s food- 
making capabilities and fruit and seed 
production are seriously interfered with. 


Phosphorus 

Phosphorus plays a vital role in the 
plant’s chemistry. It forms part of the 
complicated protein molecules in the 
cell nuclei and it is present in fatty 
substances and combined with sugar 
molecules. Many of these phosphate- 
containing molecules are important 
because energy for use in respiration 
and other processes is released when 
these molecules split. The leaves of 
plants unable to obtain sufficient phos- 
phorus die off rapidly and the mature 
plant ripens very slowly. Growth in 
general is slowed down considerably. 


Sulphur 

Sulphur is a constituent of many 
amino acids and proteins. Lack of it 
produces stunted growth and the colour 
of the plant is pale. 


Calcium 

If calcium is lacking, growth is stunted 
and the quantity of chlorophyll in 
the leaves is lowered. Growth of the 
root and shoot of the seedling are soon 
brought to a halt. Calcium acts as build- 
ing material, for it is present in calcium 
pectate which acts as a cementing 
substance, binding together the cell 
walls of adjacent cells. 


Trace Elements 

The exact role of the trace elements 
is not well understood at the present 
time, but when they are absent from a 
plant’s diet they may cause serious 
diseases. It would seem that some 
trace elements must be present in the 
cells to enable enzymes to perform 
their everyday tasks of piecing mole- 
cules together or splitting them. Others 
appear to be an essential part of the 
enzyme molecules. Boron is necessary 
in order that the plant can obtain 
and use calcium in an efficient way. 
Plants, such as clover, have swellings 
on their roots in which bacteria live. 
The bacteria are able to convert 
nitrogen gas from the atmosphere 
into nitrates. This process requires 
the element molybdenum and is unable 
to take place in its absence. Manganese 
occurs in at least one enzyme and 
its presence is needed for certain 
other enzymes to work. Zinc has a 
similar ‘role with the same enzymes. 
Copper, like iron, may be necessary 
for the formation of chlorophyll and is 
essential to some enzymes that oxidise 
(add oxygen to) the substances in the 
living cells. 
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INORGANIC CHEMISTRY 


SALTS 


"THE word salt is very familiar to 

Te all. Perhaps most people, when 
they hear it, think of the salt in 
their salt cellar. This salt is com- 
mon salt or sodium chloride. They 
probably do not realise that many of 
the substances that they handle very 
frequently are also salts. Epsom salts 
consist of magnesium _ sulphate; 
‘Hypo’, used in photography as a 
‘fixer’, is sodium thiosulphate; many 
fertilizers contain ammonium sul- 
phate; white lead, used in some 
paints, is lead carbonate; plaster of 
Paris is calcium sulphate; washing 
soda is sodium carbonate; baking 
soda is sodium bicarbonate. 

A complete list would fill many 
pages, yet most salts have the follow- 
ing features in common. They are 
nearly all solids which can occur as 
crystals (washing soda, for example). 
There are exceptions—calcium bicar- 
bonate does not occur as a solid, in 
fact it can only exist in water. Chalk 
and marble are chemically the same. 
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acid radical is an atom or a squad of 
atoms which acts as a unit and which 
is negatively charged). Sodium 
chloride, for example, consists of the 
metal sodium and the acid radical 
chloride which is the same as a 
chloride ton (an atom of chlorine which 
has gained an electron and so become 
negatively charged). 

Each salt is derived directly or in- 
directly from an acid. In fact, one 
method of making a salt is to replace 
the hydrogen of the acid with a metal 
ion. Sodium chloride can be made by 
replacing the hydrogen of hydro- 
chloric acid (hydrogen chloride) with 
sodium. This is achieved by allowing 
a base, sodium hydroxide (caustic 
soda), to react with an acid, hydrogen 
chloride (an acid plus a base gives a 
salt plus water). By heating a dish 
containing caustic soda and hydro- 
chloric acid, water is evaporated and 
the salt, sodium chloride, is left be- 
hind as crystals. 

An acid and a base react to give a 
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Some salts are strikingly coloured. The 


minerals pictured above are: 1. Wulfenite 
(lead molybdate). 2. Stibnite (antimony 
sulphide). 3. Malachite (copper carbonate). 
4. Tourmaline (a complex silicate). 

The paints on the artist’s palette owe 
their colours to salts. Chrome yellow, for 
example, 1s made from lead chromate. 


can possibly dissolve, then all the acid 
will be used up. The undissolved 
zinc can be strained off, and if the 
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1) Sulphuric acid in water exists as hydrogen tons and sulphate i tons (the hydrogen tons and hydroxide ions of water are not shown here). 


iF 2) When a piece of zinc metal is placed in the acid the zinc atoms are attacked by the positively charged hydrogen ions and each loses 
two electrons and becomes positively charged. (3) The lost electrons are accepted by two positively charged hydrogen ions which, since 
they then have the full number of electrons, become complete hydrogen atoms. These pair up to form hydrogen molecules which aggregate 
as bubbles of hydrogen gas. When the hydrogen ions of the acid have all been used up, only undissolved metal, zinc ions and sulphate rons 
will remain. If the remaining liquid is left to evaporate in a shallow dish, zinc ions and sulphate ions will come together to form crystals 


of zinc sulphate. 


They are both calcium carbonate. But 
in marble the calcium carbonate 
occurs as crystals and in chalk it 
does not. 

A salt is always made up of at least 
two main parts, a metal (or am- 
monium) part and an acid radical (an 
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salt plus water. This is one way of 
making a salt. Another is to put a 
metal into a solution of an acid. For 
instance, zinc metal dissolves in a 
solution of sulphuric acid. Hydrogen 
gas is given off as bubbles. If more 
zinc is put with the acid than the acid 


remaining solution is left to evaporate 
crystals of zinc sulphate will form. 
Salts may be grouped in families 
and each salt in a family is derived 
from the same acid. The list shows 
some of the families of salts and the 
acids that they are formed from. Thus 
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CRYSTALS OF SALT 
LEFT AFTER WATER 
HAS BEEN DRIVEN OFF 


(1) Sodium hydroxide and hydrogen chloride (hydrochloric acid) 
exist as tons. In water, the sodium and hydroxide parts of the 
base separate and the hydrogen and chloride parts of the acid 
separate. Positively charged sodium and hydrogen ions and nega- 
tively charged hydroxide and chloride tons move about freely in the 
water. (2) When the solution is heated the hydroxide and hydrogen 
tons are driven off as molecules of water vapour. (3) When all the 
water has been evaporated, tons of sodium and ions of chlorine 
remain as common salt or sodium chloride. Sodium chloride 
does not exist as molecules. Equal numbers of sodium and chloride 
tons are arranged together to form crystals of salt. 


nitrates are derived from nitric acid (nitric acid may be 
regarded as the nitrate of hydrogen), carbonates from carbonic 
acid (hydrogen carbonate), sulphates from sulphuric acid 
(hydrogen sulphate) and chlorides from hydrochloric acid 
(hydrogen chloride). 

Salts have a wide variety of uses. Some of them have 
been described already, but one feature of many salts, their 
colour, is made use of in the production of various kinds of 
paints. Lead sulphate and lead carbonate (white lead) are 
white, lead chromate (chrome yellow) and zinc chromate 
are yellow, cobalt aluminate is cobalt blue, potassium 
cobaltinitrite is cobalt yellow, cadmium sulphide is 
cadmium yellow, and basic copper carbonate is mountain 
green. Either cobalt phosphate or cobalt arsenate with 
lemon chrome (chrome yellow) produce a violet pigment, 
and Rinmann’s green is composed of cobalt nitrate, zinc 
sulphate and sodium carbonate. 
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Nitrates 
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Carbonates 


Nitrites 


Sulphites 


Chlorides 


Bromides 


Sulphides 
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Nitric acid (HNO,) 


Salt Example 


Carbonic acid (H,CO,) 


Nitrous acid (HNO,) 


Sulphurous acid (H,SO3) 


@ 


Hydrochloric acid (HCI) 
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Hydrobromic acid (HBr) 
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Hydrosulphuric acid (H,S) 
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Hydrocyanic acid (HCN) 


Calcium chloride (CaCl,) 


Silver bromide (AgBr) 


Lead sulphide (PbS) 


Potassium cyanide (KCN) 


TECHNOLOGY 


3h 2 ACHING 


The woven cotton emerges from the metal tube as a crumpled rope of material ready for 
bleaching. This is done for ease of handling during the bleaching process. 


CLOTH woven from unbleached 

fibres has an unattractive yellow- 
ish-brown colour and tends to look 
dirty. Before dyes can make it reflect 
their true colours it must first be 
bleached white. If unbleached fibre 
were dyed, say with a pale blue dye, 
the result of dyeing the dirty brownish 
material would be a very muddy- 
looking blue. The correct kind of 
bleaching agent must be chosen, for a 
bleach which is satisfactory for one 
type of fibre may damage another. 
Damage to the fibre would result in 
poor cloth. 

Most natural fibres are made up of 
‘cells’, either vegetable (e.g. cotton) 
or animal (wool), and some of these 
cells contain coloured pigment mole- 
cules. These molecules are constructed 
in such a way that they absorb some 
of the rays of white light. (White light 
contains all the colours of the rainbow, 
and if some are absorbed, the re- 
mainder that are reflected show as a 
colour.) To be white the fibres must 
reflect all the light rays. The structure 
of the molecules, therefore, has to be 
changed chemically so that they cease 
to absorb any light rays. This can be 
done either by adding oxygen atoms 
to the pigment molecules or by taking 
oxygen atoms away from them. 


214 


Bleaching by Oxidation 

Many pigments can be bleached by 
oxidation. The pigment colouring is 
changed by giving it oxygen, where- 
upon it loses its colour. You may have 
noticed how the curtains tend to fade 
on the sunny side of the house. This 
is due to effects of oxygen in the air. 
As sunlight is necessary for this 
process it is not practicable to use it 
industrially. Very little bleaching 
could be done if we had to wait 
for the Sun to fade all unbleached 
material. 
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The oxygen in the air is formed of 
pairs of atoms (molecules of oxygen). 
These pairs of atoms are incapable 
of bleaching, for they are not suffi- 
ciently ‘eager’ to join in with other 
molecules. Single oxygen atoms, how- 
ever, which have not joined to make 
molecules, do make effective bleaches, 
because they have a greater inclina- 
tion to join with the molecules of 
pigment substances. All bleaches 
which are oxidizing agents undergo 
chemical reactions which release 
single atoms of oxygen. These single 
atoms of oxygen oxidize and bleach 
the pigment. 


Bleaching by Reduction 

The pigments can also be de- 
colorised by taking oxygen away 
from them. When the pigment has 
lost oxygen atoms it has been re- 
duced. The snag here is that cloths 
which have originally lost their 
natural colour by losing oxygen may 
later regain it (and their natural 


colour) by oxidation on a sunny day. 


Treating Wool 
Yarn for bleaching must be 
thoroughly cleaned beforehand. In 
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Sodium Hypochlorite splits up into common salt and OXYGEN which bleaches. It is an oxidizing bleach. 
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Hydrogen peroxide splits up, giving water and bleaching OXYGEN, It is an oxidizing bleach. 
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Sulphur dioxide is a reducing bleach. It takes OXYGEN from 
the colouring matter and combines with it and water to form 
sulphuric acid. 
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the case of wool the moist clean yarn 
is then hung from the ceilings of the 
bleaching chambers. Lumps _ of 
sulphur burn in one corner of the 
chamber, filling the room with a gas 
(sulphur dioxide) which bleaches the 
wool. This gas takes oxygen away 
from the colouring matter in the wool, 
reducing it, altering its composition 
and bleaching it. This is, however, not 
the best method of bleaching wool, 
since strong sunlight will later reverse 
the process, turning it yellow again. 
If oxygen molecules are added to the 
wool, however, the bleaching effect is 
permanent. A_ suitable oxidizing 
bleach for wool is a dilute solution 
of hydrogen peroxide (the ‘peroxide’ 
well known as a hair bleach). After 
bleaching the wool must once more 
be thoroughly washed and it is then 
ready to be dyed. 


Cotton Bleaching 
Cotton is much less easily damaged 
than wool and can therefore be 


Hydrogen Peroxide 
Hydrogen xide is manufactured by i 

a current or deena through aoc 
sulphuric acid. A substance called peroxydisulphuric 
acid is formed at the anode, and bubbles of 
hydrogen are given off at the cathode. The peroxy- 
disulphuric acid is removed and allowed to react 
with water. It turns into sulphuric acid and 
hydrogen peroxide. 


cleaned much more drastically than 
wool without harming it. Bleaches 
which would harm wool can in fact be 
used to bleach cotton. 

The original chemical method was 
to destroy the yellow colouring matter 
by oxidation, using a bleaching liquor 
of a solution of oxygen-containing 
sodium hypochlorite. This easily 
gives up its oxygen to decompose the 
molecules of the colouring matter. 
After bleaching with chlorine-com- 
pounds the fabric is treated with an 
‘antichlor’, such as sodium thiosul- 
phate, a substance which destroys any 
remaining chlorine. 

Modern methods of bleaching 
cotton fabrics involve hydrogen per- 
oxide or sodium chlorite. These are 
excellent bleaching agents’ because 
they do not weaken the cotton fibres. 
They are being used in fast, one-stage 
bleaching processes. 
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The ropes of cotton are steeped in bleaching liquor 


Artificial Fibres 

It is not generally necessary to 
bleach the artificial fibre rayon as 
it is manufactured in the uncoloured 
state. Most of the other synthetic 
fibres, however, such as_ nylon, 
terylene and orlon have a yellow tint. 
The problem is that blue light is 
absorbed. Fluorescent whiteners are 
applied to both natural and synthetic 
fibres. These do not remove colour 
but give the illusion that this has been 
done, by converting the invisible 


ultra-violet light in ordinary day- 
light into a_ bluish-white visible 
light which makes up for the blue 
absorbed by the textile. With a 
material which is already white, 
this fluorescent whitener makes the 
material seem brilliantly white. 
Because of this effect these white- 
eners are often added to detergent 
powders to give a ‘whiter-than- 
white’ effect. This is not really 
bleaching but just the creation of an 
optical illusion. 
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An electric light bulb showing the coiled 
filament. 
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| ELECTRICITY | 


The Heating 


HENEVER an electric current 

passes through a conducting wire 
a certain amount of heat is produced. 
The heat is generated as the current 
strives to overcome the resistance of 
the wire. The electrical resistance 
of any substance is the opposition it 
offers to a flow of electricity through 
it. Since an electric current is a 
flow of electrons jumping from atom 
to atom along a conducting wire, the 
resistance of a substance depends 
basically upon how tightly electrons 
are held to atoms. In a good conduc- 
tor of electricity, such as copper, some 
of the electrons are only loosely 
held to atoms and the resistance is 
very low, while in a poor conductor 
of electricity (an insulator) such as 
rubber, all.of the electrons are held 
very tightly to atoms and the resis- 
tance is very high indeed. But for any 
one metal its resistance depends 
chiefly upon its thickness and length. 
The thicker it is the less the resistance, 
and vice versa, while the longer it is 
the greater the resistance, and vice 
versa. 

The amount of heat produced de- 
pends upon three factors: the size of 
the current, the length of time it is 
passed through the conducting wire, 
and the resistance of the wire. There 
is a very simple formula for finding the 
exact amount of heat that will be ob- 
tained by passing a certain current 
through a certain wire for a certain 
length of time. It is J?Rt, where I 
represents the current in amps (J? 
means multiplying the current by it- 
self), R the resistance of the wire in 
ohms and ¢ the length of time in 
seconds. The answer is the amount of 
heat produced in joules. These units 
were named after the scientist who 
discovered this simple rule, James 
Joule (1818-1889). To change joules 
into calories (a calorie is the amount 
of heat needed to raise the tempera- 
ture of one gram of water by one 
degree centigrade) you simply divide 
by 4:18 (4:18 joules are equivalent 
to one calorie). 

The heating effect of a current has 


many practical uses. One of its most 
valuable applications is in the light 
bulb. This contains a long, very thin 
tungsten wire filament which offers a 
considerable resistance to the flow of 
electricity through it (the wire may be 
as much as two feet in length though 
wound into a coil less than one 
inch in length). The formula shows 
that the greater the resistance of 
the conducting wire the greater the 
heat produced. In this case sufficient 


The wire rn a fuse is made from some 
metal or alloy which has a low melting 
point. If too large a current flows through 
the circuit sufficient heat is generated to 
melt the fuse wire. This breaks the 
circuit and prevents more serious damage. 


heat is produced to make the wire 
filament glow white hot—hence the 
light. The theory behind the light 
bulb seems very simple, but in fact 
early manufacturers faced a number 
of problems. It took a long search, for 
instance, to find a material suitable 
for the filament. Thomas Alva Edison, 
the American inventor of the first 
successful incandescent bulb (1879), 
used charred bamboo for this purpose 
at first. He also solved the problem 
of keeping the filament from burning 
(combining chemically with the oxy- 
gen in the air) by sealing it in a glass 
bulb from which he pumped out the 
air. But even in later vacuum bulbs, 
where a tungsten filament was used, 
the metal slowly vaporized and was 
deposited as a dark coating on the in- 


Effect of a Current 


side of the bulb. To prevent this most 
bulbs are now filled with an inert 
(unreactive) gas such as argon which 
does not react chemically with tung- 
sten and by being present prevents 
the metal from vaporizing. 

Electric fires work on the same 
principle as the electric light. An 
electric current is passed through a 
coil of wire. The wire offers a 
considerable resistance to the flow 
of electricity through it and suffi- 
cient heat is generated as the current 
overcomes this resistance to make the 
filament glow red hot. The wire then 
not only heats the air but also sends 
out radiant heat (heat rays). The 
filament is wound on a support which 
does not conduct electricity (an in- 
sulator), and since the material used 
for the support must also be able to 
withstand high temperatures, mica or 
fireclay is normally used. The metal 
of the filament is usually an alloy 
of nickel and chromium. Most other 
metals would oxidize (combine with 
the oxygen in the air) and burn out 
too quickly. Immersion heaters for 


heating water are constructed in a 
similar way to electric fires, but in this 
case the filament must be encased to 
avoid contact with the water. 

Fuses, used to protect electrical cir- 
cuits, represent another useful appli- 
cation of the heating effect of a 
current. If, for some reason, a 
greater current passes through an 
appliance than is intended, the ele- 
ment is liable to heat up tremendously 
and melt. This might happen if two 
bare wires touched and the current 


In an indirect arc furnace metal is melted 
by the heat of an arc between two slightly 
separated carbon electrodes. 


was able to take a short cut and bypass 
much of the planned resistance. This 
state of affairs is prevented by in- 
serting a fuse in the circuit at some 
point. This is simply a fine piece 
of wire which has a much _ lower 
melting point than the rest of the 
circuit. If the current flowing through 


the circuit becomes greater than it 
should be, the thin fuse wire becomes 
so hot that it melts, thus breaking the 
circuit and preventing more serious 
damage to the appliance. 

An important industrial applica- 
tion is in electrical furnaces and kilns 
(a furnace is an apparatus for melting 


metals). The resistance furnace oper- 
ates on the same lines as the domestic 
electric heater, but on a grander 
scale. The arc furnace, like the arc 
lamp, utilizes the fact that if two 
carbon rods (called electrodes), with 
a large current passing through 
them, are slightly separated the 
current does not cease to flow, for a 
small spark jumps between them. The 
result is an arc of intense white 
light. Great heat is produced be- 
cause air offers a tremendous resis- 
tance to the flow of electricity 
through it, and the greater the resis- 
tance the greater the heat produced 
by the passage of a current. Nor- 
mally speaking, air is an insulator, 
but if the gap in the circuit (ice. 
the length of air through which the 
electricity has to flow) is small 
enough and the voltage (the electrical 
pressure) high enough, this resistance 
can be overcome. In some arc fur- 
naces the metal is melted by the heat 
of an arc between two carbon elec- 
trodes held in position above it. In 
others the metal itself is made to act 
as a companion electrode to a carbon 
rod and is melted by the heat of the 
arc. 
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| GEOLOGY | 


The Structure of the Earth 


A CERTAIN amount can be learnt 

about the structure of the Earth 
from a study of the surface rocks. Sedi- 
mentary rocks are those which have 
been laid down beneath shallow seas 
and only later raised above the waves 
by earth movements, or exposed by a 
fall in sea-level. They are made up 
either of bits and pieces of older rocks, 
carried off the land by rivers, or of 
animal and plant remains. Rocks such 
as these cover a considerable part of 
the continents and mask the true 
nature of the land masses. The rocks 
that cover the British Isles, for 
instance, are of all geological ages 
and suggest that it has been re- 
peatedly submerged beneath shallow 
seas. There are, however, parts of the 
land areas which have not been sub- 
merged for millions of years. In these 
places water, wind and ice have strip- 
ped off any sedimentary rock 
covering, exposing the heart rock of 
the continents—granite. Since the 
minerals of which granites and related 
rocks are composed are made up 
mainly of the oxides of two elements, 
silicon and aluminium, the material 


of the continental masses has been 
given the name sval (Sz is the chemical 
symbol for silicon and A/ the symbol 
for aluminium). The average density 
of sial is about 2-7 grams per cubic 
centimetre, but it is known that the 
average density of the Earth as a 
whole is 5:5 (this can be calculated 
from the volume of the Earth and the 
force of gravity). So it is clear that 
much denser material must lie 
beneath the sial. 

The ocean floor is quite different 
from the continents. The continental 
shelf which extends some distance out 
to sea is really part of the continents. 
At deeper levels, however, the ocean 
floor is covered with oozes made up 
from the skeletons of various minute 
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sea creatures. At any great depth even 
these skeletons dissolve, and in the 
deepest ocean basins the only covering 
is a relatively thin layer of red clay, 
made up mainly of volcanic dust and 
cosmic dust from outer space together 
with virtually insoluble materials such 
as shark’s teeth. The red colouring is 
due to ferric oxide (an iron com- 
pound) in the volcanic dust. Samples 
brought up from these great depths 
have shown that beneath the red clay 
lies basalt, a rock formed, like granite, 
from cooling molten matter. The fact 
that most volcanic oceanic islands 


A schematic illustration of the nature of the Earth’s crust, showing 

the continental masses, built of sialic rocks, ‘float’ like great 
‘rafts’ upon the denser material beneath (sima). The continental 
shelf, the shallow platform which extends hundreds of miles out to 
places, is a submerged part of the continents. Sima forms 
the solid floor of the deep ocean basins, but in the Atlantic there 
are patches of sial covering, the most notable being the great S- 
shaped Mid-Atlantic ridge and the broad submarine rise linking 
the British Isles to Iceland and Greenland. 


have been built up of ejected basalt or 
related rocks is further evidence for 
believing that basalt forms the Earth’s 
crust beneath the oceans. And since 
great flows of basalt have welled up 
through fissures in the land masses 
in the past (e.g. the Deccan of India) 
it is fairly certain that this basaltic 
layer is ‘universal’, i.e. it extends 
beneath the continents too. This 
is quite reasonable since basalt is 
denser than granite (2-95 compared 
to 2:7). The basaltic layer has been 
given the name szma, for its minerals 
are composed mainly of oxides of 
silicon and magnesium (7 is the sym- 
bol for silicon and Ma an abbrevia- 
tion, though not the chemical symbol, 
for magnesium). Thus it is possible to 
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MANTLE OF ULTRA BASIC ROCK 
(MAFE) 


In this illustration the surface relief and the thickness of the Earth's 
crust have been greatly exaggerated for the sake of clarity. Some 
idea of the true proportions may be gained from the fact that on this 

& world, Mt. Everest, would appear 
little larger than the full stop at the end of this sentence. Below 
the Earth’s crust, which is rarely more than 30 miles thick, lies the 


scale the highest mountain in t 


mantle of ultra-basic rocks. 


CONTINENTAL 
SHELF 


think of the continents as great 
‘plates’ or ‘rafts’ of granite ‘floating’ 
on the denser basalt beneath, like 
ice-floes float on water. 

Until recently the deeper levels of 
the Earth were a complete mystery. 
Some people believed the thin, 
wrinkled crust to enclose a vast mass of 
molten rock, while others considered 
the centre of the Earth to be an 
inferno of gases. It was only with the 
application of seismology (the scienti- 
fic study of earthquakes) to the 
problem that speculation gave way 
to scientific reasoning. 

A fault in geology is a fracture in 
the Earth’s crust along which the 
rocks have moved in relation to each 
other. When faulting occurs and the 
moving rocks rub against each other, 
vibrations spread out in all directions 
producing an_ earthquake. Most 
earthquakes are produced in this way, 


CONTINENTAL BLOCK 
(SIAL) 


BASALT (SIMA) 


CRUST 6 TO 40 
MILES THICK 


OUTER CORE 
1,400 MILES 
THICK 


INNER \ 
CORE 


The structure of the Earth. 


though some are associated with vol- 
canic activity. Near the disturbance 
the ground itself can be felt shaking 
(it is sometimes possible to see it shak- 
ing), but the tremors die down with 
distance until it is only possible to 
detect them with a delicate instru- 
ment called a seismograph. 

There are three groups of ‘quake’ 
waves, each of which is transmitted 
in a different way. Primary waves 
(‘push and pull’ waves) are waves of 
compression, similar to those of sound, 
where each particle of rock vibrates 
in the direction of the ray (the path 


followed by the waves). Secondary 
waves are waves of distortion (‘shake’ 
waves) in which each particle vibrates 
at right angles to the direction of the 
ray. Long waves are confined to the 
Earth’s crust by reflection from its 
upper and lower limits. Primary 
waves are the fastest and long waves 
the slowest. If a recording station is 
far enough away from the centre of 
the disturbance the seismographic 
record (seismogram) shows three de- 
finite pulses as the three groups arrive 
one after another. 

The value of seismograms lies in the 
fact that the velocity of primary and 
secondary waves depends upon the 
density of the material through which 
they travel and its resistance to com- 
pression (in the case of primary 
waves) or distortion (in the case of 
secondary waves). So once their 
source and the time they have taken to 
cover the journey to the recording 
station has been determined (this is 


DISTURBANCE 


SHADOW 
ZONE 


SHADOW 


ZONE 


For every earthquake there 1s a shadow zone 
round the world where primary waves are 
not received. The reason ts that those waves 
which strike the Earth’s core are sharply 
deflected due to the sudden change in density, 
while those that just miss the core travel on 
as normal. This produces a large gap in the 
waves reaching the surface and has helped 
to prove the existence of a central core of 
very dense material. 


shown by the interval between the 
arrival of the primary and secondary 
waves) the density of the materials 
through which they have passed can 
be calculated. The difficulty here is 
that the density of a material cannot 
be directly translated into chemical 
composition; a certain density can only 
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P. WAVES 


correspond to a certain composition. 

The very fact that long waves are 
reflected from the lower limit of 
the Earth’s crust shows that it must 
be different in composition from the 
material below. They also show that 
it has a well-defined base lying at a 
depth of about 22 miles beneath the 
average land surface and only four 
miles beneath the ocean floor. This 
was discovered by the Yugoslavian 
seismologist Mohorovicic; hence it 
is known as the Mohorovicic dis- 
continuity (and often referred to as 
the ‘Moho’ for obvious reasons). The 
speed of quake waves through the 
crust confirms the composition sug- 
gested by the surface rocks. 

The speed of quake waves which 
pass beneath the Moho suggests that 
there is a layer of ultra-basic rocks 
(very dense rocks) possibly very 
similar in composition to peridotite. 
The minerals of this rock are com- 
posed mainly of oxides of magnesium 


S. WAVES L. WAVES 


(Above) A seismo- 
gram showing clearly 
the arrival of three 
groups of waves. (Left) 
The shadow zone pro- 
duced by an earthquake 


in Fapan. 


and iron, hence the layer is referred 


to by some as the mafe. Ultra-basic 
rock forms the mantle of the Earth 
and extends to a depth of about 1,800 
miles. But heavy as the ultra-basic 
rocks are they cannot by sheer ‘pack-. 
ing’ reach even the average density 
of the Earth (5-5), so somewhere there 
is some very heavy material indeed. 

At a depth of 1,800 miles seismic 
waves undergo a sudden acceleration 
and show that there is a jump in 
density far more striking than that 
at the Moho (from about 5:7 to 9-7). 
This marks the boundary of the 
Earth’s core in which the density 
continues to increase until a maxi- 
mum of 12°3 is reached at the centre. 

The material making up the core 
of the Earth is thought to consist 
mainly of iron with some nickel and 
chromium. This composition not only 


satisfies seismic requirements but ties 
in with other evidence. The abund- 
ance of iron oxide in the crustal 
rocks, for instance, suggests that 
there is a great deal of pure iron at 
lower levels, and meteorites, which 
are part of the solar system and 
therefore formed from the’ same 
materials as the Earth, are often com- 
posed of iron with smaller amounts 
of nickel and cobalt. 


Liquid or Solid 

The state of the materials lying 
beneath the Earth’s crust is hard to 
imagine. Measurements have shown 
that the temperature below ground 
increases at a rate of 1°F. for every 
60 feet of depth (1°C. for every 108 
feet). This means that rocks should be 
in a molten state below 30 miles, a 
fact which is borne out by the molten 
lava of volcanoes. But this rate of 
increase of temperature does not con- 
tinue unchecked to the centre of the 
Earth; it tails off so that the maximum 
temperature reached is _ probably 
around 6,000°C. at the centre of the 
core. 

Seismic waves are also of use in 
determining the state of the hidden 
rocks, especially the secondary or 
‘shake’ waves. These waves will not 
travel through liquids yet they will 
travel through the mantle of the 
Earth, so clearly it must be at least in 
a pseudo-solid state. But ‘shake’ waves 
do not travel through the Earth’s core. 
Hence the core, or at least its outer 
part, must be in some kind of molten 
condition. This idea is borne out by 
the nature of ‘rock tides’ (the Moon. 
not only causes tides of water on the 
Earth but also tides in the solid rock, 
though the amount of movement is 
exceedingly small). The way in which 
primary waves accelerate when pass- 
ing through the core suggests that 
there is an inner core which is not 
molten but rigid. 

Thus the picture of the world 
according to present belief shows a 
thin crust, rarely more than 30 miles 
thick, overlying a mantle of solid 
ultra-basic rock extending down to a 
depth of 1,800 miles. Below this lies 
the Earth’s core, composed mainly of 
iron, molten for the first 1,400 miles, 
then solid to the centre of the Earth. 
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FAMOUS SCIENTISTS 


Charles Darwin and the 
Voyage of the Beagle @ 


T is probably true to say that no scientific publication 

during the nineteenth century started a bigger storm 
of general protest and argument than a book produced 
in 1859. It was called The Origin of Species by Means of 
Natural Selection by a biologist called Charles Darwin. 
The book put forward the scientist’s ideas on the evo- 
lution of plants and animals from simple forms by a 
process of a slow, gradual change. It was a rather revo- 
lutionary idea, for before that time the vast majority of 
scientific workers accepted the belief that all living things 
were created in their present form. Even today there 
are a great many people who feel that Darwin’s theory is 
not completely acceptable. 

Charles Robert Darwin was born in Shrewsbury in 
1809. After attending Shrewsbury School and train- 
ing for medicine at Edinburgh University, he went 
to Cambridge to take a degree with the idea of finally 
being ordained as a priest. In fact, however, on leaving 
Cambridge in 1831 he took up a quite different career. 
Darwin had long been interested in natural history and 
his big chance came when Captain FitzRoy of H.M.S. 
Beagle offered to take him on his official surveying voyage 
round the world. The tour lasted for about five years 
(1831-6), during which time Darwin found a great 
deal to interest himself. 

On the Galapagos Islands, off the west coast of South 
America, for example, he saw birds which showed 
marked differences in structure from those on the main- 
land. This gave him the idea that perhaps the differences 
between the conditions there and the mainland were at 
least partly responsible for the ways in which the birds 
differed. Could it be, he asked, that only those animals 
and plants best suited to their surroundings could survive 
in the fierce struggle for existence? He found plenty of 
evidence that this may have been so. Over the millions 
of years which the Earth has taken to develop, quite 
startling differences in plants and animals could result. 
Ancient, primitive creatures such as the dinosaur died 
out because conditions were no longer right for them. 
Other animals—the giraffe, for instance—can survive in 
conditions where the only food to be found is high above 
ground, because their long necks enable them to reach 
it. Smaller species would have much greater difficulty 
in finding food in such places, if they could not climb 


trees, and would tend to die out. Reasoning in such ways, 
Darwin came to the conclusion that plants and animals 
have reached their present state by what he called Natural 
Selection, the weeding out by Nature which leaves only 
those animals best fitted for their conditions. Because 
conditions vary from place to place and have varied over 
the course of time, a vast range of animal and plant 
types has appeared and tried to live. Sometimes they 
have become extinct; sometimes they have survived to 
reproduce their kind. 

It is a complicated theory, not easily described, and 
difficult if not impossible to prove conclusively without 
seeing all the links in the chain of developing plants and 
animals throughout history. Nor was it absolutely new, 
for other scientists before Darwin had sought to explain 
the variety and the similarities between creatures by 
various means. Darwin’s real achievement lay in look- 
ing at the problem in a systematic and scholarly way, 
putting his case before the public in a way which could 
be understood. (A fuller explanation of evolution will 
appear in later articles.) 

Charles Darwin died in 1882. His tomb is in West- 
minster Abbey in London. 


221 


SWITCH 


In an ordinary electrical circuit electrons are confined to the 
conducting metal parts. They will not flow across the gap between 
the contacts of an open switch. 


ELECTRONICS 


| 
The Anode of a 


NO FLOW OF 
ELECTRONS 


A valve is like an open switch: its two electrical connections are 
completely separate and there is an empty space between them. 


FLOW OF 
ELECTRONS 


FILAMENT 
RED-HOT 


A hot filament gives off electrons (this is thermionic ‘emission’) 
which are not confined to conducting metal parts—they are free 
to move through empty space. Here the battery drives them across 
the valve which therefore acts like a closed switch. 


NO FLOW OF ELECTRONS 


BATTERY 
REVERSED 


FILAMENT 


If the battery is reversed the hot filament still gives off electrons 
but they do not reach the other side of the valve. In this case 
the valve acts like an open switch and no current flows in the 
circuit. 
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FLOW 
OF ELECTRONS 


METER 
MEASURES CURRENT 


When the circuit is complete electrons are driven round it 
from the negative terminal of the battery back to the positive 
terminal. 


Thermionic Valve 


S explained in the previous electronics article (page 
203) a heated wire in a vacuum throws out electrons. 
These electrons form a negatively charged cloud, called 
a space charge, around the wire. The number of electrons 
emitted depends upon the temperature of the wire and 
upon the material of which the wire is made. (The 
majority of modern radio valves use indirectly heated 
cathodes in which the filament wire is used merely to heat 
a sleeve coated with materials that emit electrons easily.) 
To be of any use the electrons have to be drawn across the 
empty space between the heated filament (or cathode) 
and another part of the valve called the anode (or plate). 
Electrons are drawn across the empty space by making 
the anode electrically positive—i.e. it is short of electrons, 
and in trying to make good this shortage it exerts an 
attraction on the cloud of electrons (the space charge) 
around the cathode. The anode can be made electrically 
positive by connecting it to the positive terminal of a high- 
voltage battery. The negative terminal of the battery is 
connected to the cathode. 

The movement of electrons from the cathode to the 
anode carries a current of electricity across the valve. Since 
the anode is cold it does not emit electrons. The current 
therefore flows across the valve in one direction only. 

A diode valve in an electrical circuit acts in much the 
same way as a stop-cock in a water pipe. It controls the 
size of the current flowing through it, and it can stop the 
current altogether. If this was all the valve could do it 
would find few if any practical applications, for currents 
can be controlled more cheaply by switches and variable 
resistors (called rheostats) like the volume control on a 
radio receiver. But the diode can do more than a stop-cock 
or a switch. Its value lies in the fact that it only allows 
currents to flow through it in one direction. In other words 
it is a valve. 

A simple switch has two electrical connections, one 
through which the current enters and one through which 
the current leaves. Similarly a diode has two electrical 
connections (or electrodes): one is the cathode, the other is 
the anode. 


These men in a space vehicle travelling thousands of miles from 
the Earth weigh very little indeed. In fact the unstrapped man 
weighs so little that he can ‘float’. At this distance from the Earth 


the pull of gravity is hardly noticeable. 


F you weigh yourself and find that 

you weigh ten stones and then weigh 
somewhere else and get a different 
weight, then you automatically assume 
that one of the scales must be wrong. 
You think that your weight cannot 
alter. If one weighing had been done 
at one end of a flat street and the other 
weighing at the other end, then this 
would be true. But if the second weigh- 
ing had been taken while flying in 


still composed of the same amount of 
substance has nothing to do with this. 

Our Earth is made up of substances 
to which we give the general name of 
‘matter’. The tiniest speck of dust is 
also made up of matter. The amount 
of matter in a substance is called its 
mass; it may be loosely packed and 
the object will be larger than if it were 
tightly packed. The power of gravity 
is the same for a given mass (quantity 


To hit a distant object the shell has to be aimed into the air. Gravity pulls the shell down 


again to hit the target. 


an aeroplane, say 15 miles up, and the 
first on the ground, the second reading 
would be over one pound less than the 
first, yet the weighing would be quite 
accurate. You seem the same; no- 
thing has happened to your body and 
yet you have lost weight. If you were 
weighed in an aeroplane flying even 
higher, then you would seem slightly 
lighter still. The higher you go, the 
lighter you get. The fact that you are 


of matter) irrespective of the amount 
of room it takes up. It is one of the 
basic facts of the universe that every- 
thing that has mass (i.e. all matter) 
attracts and is attracted by anything 
else that has mass. The strength of 
the attraction depends on distance 
and upon the amount of matter. 
Therefore objects with a large mass 
have greater powers of attraction than 
objects of smaller mass. The mass of 


(Above) The small boy throws his ball 
with much less force than the man does. 
Consequently gravity pulling on the ball 
is able to bring it to a halt and make it 
return to Earth before the man’s. 

(Below) The dotted lines show the 
paths the balls would take if gravity 
were not acting. The balls are thrown 
horizontally but the force of gravity 
pulls them down into the sea. 
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At the Earth’s surface a mass of one pound will weigh one pound weight. As it is moved 
higher and higher it weighs less and less. The higher you go, the smaller the pull of 


gravity becomes. 


the Earth is enormous; it is in fact 
5,876 million million million tons of 
matter, and because of this it is capable 
of attracting to it objects which are 
less massive. The fact that the Earth 
is able to attract things is known as 
gravity, It is gravity which holds the 
atmosphere round the Earth. If 
gravity did not exist the oxygen 


36 FT. 
6 FT. 


ninths of its value on Earth. The 
force needed to keep the rocket away 
from the Earth becomes much smaller. 

The higher one goes (i.e. away from 


the centre of the Earth), the less the 


influence of the Earth becomes and 
the force of gravity becomes weaker. 
The weight of an object is simply a 
measure of the pull of gravity acting 


Because the gravitational pull on the Moon is only one-sixth that on the Earth’s surface, 
the athlete can jump thirty-six feet high on the Moon as against only six feet on the Earth. 


which we need for breathing would 
fly off into space. 

The planet Mars is only one-ninth 
as massive as the Earth and its gravity 
consequently less than the Earth’s 
gravity. Because the pull of gravity on 
Mars is so small, all but a trace of its 
atmosphere has long since escaped 
into space. 

A small boy tries to throw his ball 
to outer space. He throws it straight 


up in the air with as much force as his 


small muscles can exert. Gravity acts 
on the ball, trying to pull it back to 
Earth. It reduces the speed of the ball 
until it eventually brings it to a halt 
and the ball returns to Earth, gather- 
ing speed as it does so. A man throw- 
ing a ball much more strongly will 
throw the ball higher before gravity 
brings it to a halt, but he too will not 
be able to throw the ball into space. 
When a rocket is being sent into 
space the aim is to exert a greater 
pushing force on the rocket than 
that with which the Earth pulls it 
back. Two thousand miles up the 
pull of gravity is only about four- 


on it. A weighing machine is a device 


for measuring this pull of gravity on 
the body. The simplest type of weigh- 
ing machine is the spring balance. The 
object being weighed is hung from a 
hook attached to a spring. Gravity 
pulls the object earthwards. For a 
heavy object the spring is stretched a 
lot and for a light object only a little. 
When a lift begins its upward journey 
it accelerates (gathers speed) and its 
motion opposes the pull of gravity. 
At this moment the passengers weigh 
less than when the lift is stationary. 
It is all too easy to confuse the terms 
weight and mass. A machine such as 
the chemical balance ‘weighs’ by 
comparing the mass of the object on 
one pan with standard masses placed 
on the other. The same results will be 
obtained at sea-level and high up in 
an aeroplane because the mass of the 
weights and that of the object cannot 
alter. In the aeroplane the weaker 
pull of gravity will be acting equally 
both on the weights and on the object 
being weighed. This balance gives the 
same result wherever it is. 


| APPLIED SCIENCE 


The Use of Yeast in Breadmaking 


WHEN the word fungus is men- 

tioned most people think of 
mushrooms and toadstools or the 
moulds which cause food to go bad. 
They probably do not realise that the 
rubbery slab of yeast that they use in 
making home-made bread or wine is 
also a fungus. 

Yeast occurs widely in Nature—as 
a whitish film on grapes, for example 
—though the variety used in bread- 
making and brewing does not grow 
wild. It consists of very small, single 
cells, or groups of loosely attached 
cells, and reproduces by budding or 
by forming spores (see illustration). It 
is able to live in the absence of oxygen 
when it uses up sugars and produces 
carbon dioxide and alcohol. In order 
to grow and reproduce, however, it 
requires oxygen and then carbon 
dioxide and water are formed during 
its ‘food-burning’ processes. 

In the brewing industry conditions 
are so adjusted that the yeast is able 
to grow and reproduce and yet still 
produce the large quantities of 
alcohol required. 

In ideal conditions yeast can divide 
once every hour so that each cell could 
theoretically produce nearly three 
hundred million million yeast cells in 
two days. In fact the alcohol produced 
slows their growth down after a time, 
but these figures do show the incred- 
ible reproductive capacity of these 
minute plants. 

The major ingredients of most kinds 
of bread are flour, yeast, salt and water. 
Yeast is used in bread-making to 
make the dough ‘rise’. Dough is a 
spongy ‘paste’ containing starch, 
gluten and water. Starch and gluten 
come from the flour. Gluten is a 


| MOLECULE OF 
GLUCOSE SUGAR 


2 MOLECULES OF 
ALCOHOb® 


protein present in wheat flour. It 
makes the dough spongy and sticky so 
that more of the carbon dioxide pro- 
duced by the tiny yeast cells is re- 
tained in the dough than would be 
retained if it were absent. The yeast 


(above) In modern plant yeast, salt, water 
and other ingredients ferment in ‘brew’ 
tanks before flour is added to make dough. 
(right) Dough before and after rising. 
(below, right) A yeast cell (1), budding 
taking place (2), spore formation (3). 


cells are contained in the ‘paste’ 
which also contains many air spaces 
which have been produced by knead- 
ing (the mixing of the dough in- 
gredients). 

The dough is produced at a temp- 
erature of about 80°F. (26-7°C.). 
After kneading it is allowed to ferment 
for up to four hours. Fermentation is 
the breaking down by the yeast of the 
natural sugars in the flour into carbon 
dioxide and alcohol. As a result the 


FERMENTATION 


2 MOLECULES OF 
CARBON DIOXIDE 


dough ‘rises’ to about three times its 
original volume. The carbon dioxide 
blows out the air spaces in the bread, 
just as air inflates the bladder of a 
football. The small quantity of alcohol 
formed is driven off in the baking. 
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The fermented dough is cut into 
pieces of the required size and weight 
and then shaped. It is then allowed to 
ferment again, the volume of the 
dough having been reduced by the 
cutting and shaping. Its volume is 
more than doubled during this second 
fermentation. During the early stages 
of the baking which follows, the dough 
further increases in volume. 

In the United States several other 
ingredients are included in the dough 
before it is kneaded. These include 
powdered milk, sugar and fat. 
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PHYSIOLOGY 


THE ARCHITECTURE OF 


HE two great groups of backbone- 

less (invertebrate) animals with 
hard outer or exoskeletons are the 
arthropods and the molluscs (the 
arthropods have been dealt with on 
page 166). Molluscs include snails, 
whelks, cowries, periwinkles, oysters, 
mussels, slugs, chitons, cuttlefishes, 
octopuses and squids. But not all of 
these have exoskeletons. Indeed some 
have no shell at all. Cuttlefishes and 
squids have an internal shell, as do 
many slugs, while octopuses and some 
slugs are without a shell. 

The mollusc exoskeleton, generally 
speaking, is a cumbersome device 
which hinders movement and whose 
main asset is that it affords protection. 
This picture contrasts with that of the 
jointed shell of the arthropods, whic 
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CONE SHELL 


in partnership with the muscles inside 
it, enables arthropods to be highly 
mobile creatures. Even so the pro- 
tection that the shell gives to its 
occupant is of immense importance. 
Apart from the insects, there are more 
species of molluscs living today than 
there are of any other group of 
animals. The massive heaps of shells 
washed up on beaches or those ex- 
posed each time the tide recedes 
testify to the vast numbers of certain 
individual species. 

To land-dwelling snails and to 
molluscs which are exposed to the 
atmosphere at low tide the shell is a 
protection from excessive heat and 
drought. 

A few molluscs use their shells in 


A section through Nautilus 


unusual ways. Scallops, for example, 
‘clap’ the two halves of their shell 
together, forcing out a stream of 
water, and so propel themselves 
rapidly from place to place. This 
makes a vivid contrast to the station- 
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SNAIL SCALLOP 


ary or slow-moving habits of most 
molluscs. Some molluscs are able to 
bore into wood, others can penetrate 
even rock. The shipworm, Teredo, has 
two small ‘toothed’ shells, one either 
side of the head. The muscles between 
them contract rhythmically so that 
the shells rotate. In this way Teredo is 
able to bore into ships’ timbers and 
into wooden waterside piles with 
incredible rapidity, turning the wood 
into sawdust. Its extensive excava- 
tions cause millions of pounds of 
damage annually. 

The mollusc shell is mainly com- 
posed of calcium carbonate. It is 
formed by the manile, a thin, soft skin 
which envelopes the gut and other 
organs. As the animal grows more 
shell substance is added to the edge. 
The shell is not moulted as in the 
arthropods, for in molluscs it never 
permanently encloses the whole 
animal as is the case with insects, for 
example. The young whelk has a shell 
the size of the tiny ‘knob’ at the tip of 
the adult whelk’s spire. As the spiral 
grows, the open end of the shell gets 
larger and the space inside the shell 
increases, so that the growth of the 
animal is not restricted. In mussels, 
which have a two-piece shell, shell 
substance is also added to the margins 
of the shell. The shell grows as the 
animal grows. 

Usually the shell is not added to 
continuously. Periods of growth are 
followed by intervals when no growth 
takes place. This produces ridges and 
depressions or lines of growth round the 
shell. When food is scarce or other 
conditions are bad, only a small 
amount will be added to the shell. 
If conditions are good then a wide 
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TUSK SHELL NAUTILUS 


SHELLS 


band of new shell will be added 
during the growing season. The shell, 
therefore, is a record of the past life 
of the mollusc. Just as it is possible to 
judge something of the conditions in 
the past from the pattern of rings in a 
cross-section of a tree trunk, so a 
mollusc’s good and bad food years 
can be determined from the pattern 
of the lines of growth on the shell. 
The sizes of shells vary tremendously. 


A shipworm in its burrow 


Some are a tiny fraction of an inch 
long while the largest of the giant 
clams may be three feet across and 
weigh a quarter of a ton. Shells are 
often ornamented with deep ridges 
and spines. Thickenings and prom- 
inences are due to extra shell pro- 
duction at intervals. The colours and 
the patterns these form may be very 
beautiful. They are due to pigments 
deposited in the shell as it grows. 

Molluscs such as snails, limpets, 
whelks and cowries have a ‘one-piece’ 
shell. It may be spiral and helmet- 
shaped (e.g. in some snails), spiral and 
cone-shaped (e.g. in whelks) or merely 
a simple cone as in some limpets. 
Mussels, clams, and oysters have a 
‘two-piece’ or bivalve shell. The two 
halves or valves of the shell are joined 
together by a hinge and a ligament. 
The ligament is elastic; in fact its 
elasticity tends to force the halves of 
the shell open, rather as the arms of 
a pair of coal tongs are forced apart 
by the flat spring that joins them to- 
gether. One muscle, or a pair of 
muscles, attached to the inside of 
each valve closes the shell. 

Some bivalves, such as scallops, 
have two symmetrical (equal) valves, 
but others, such as oysters, have one 
valve smaller than the other. 

Chitons, or ‘coat-of-mail’ shells 
have a shell made up of eight separate 


plates. Looking somewhat like wood- 
lice, these creatures are able to roll 
themselves into a ball just as a wood- 
louse can. 

The Pearly Nautiluses of the Pacific 
have a spirally coiled shell. This 
differs from the spiral shell of snails 
and whelks in being divided internally 
into chambers by a series of partitions. 
Each partition marks a stage in the 
animal’s growth, for, as the shell is 
added to, the animal moves forward 
and then forms a partition behind it- 
self which shuts off another chamber. 
The animal occupies the open end of 
the shell and this forms the largest 
chamber. The partitioned-off cham- 
bers, no longer in use, contain a gas 
which helps to buoy up the heavy 
shell in the water while the animal is 
swimming. 

The ‘bone’ of the cuttlefish, often 
found on the shore is derived from a 
shell like that of the nautilus, much 
changed, but still serving as a float. 
The shell now lies internally and the 
chambers are filled with layers of 
chalk. There are glands that make gas 
bubbles between the layers and so 
keep the animal buoyant. 

Snails, whelks and the like have a 
strong muscle, the columella muscle, 
which is attached to the inside of the 
shell and to the body. When this 
muscle shortens, the animal with- 
draws into its shell. Some molluscs 
(e.g. whelks) have a small, limy plate, 
the operculum, which fits into and 
closes the shell opening so that the 
soft body is completely protected. 

Mussels have two muscles (ad- 
ductors) to bring the two halves of the 
shell together, one at each end of the 
body, but scallops (and oysters) have 
only one adductor muscle. It is 
divided into two unequal parts, the 
largest of which contains striped 
muscle fibres and is able to shorten 
rapidly so drawing the two valves to- 
gether quickly, as during swimming. 
The smaller part of the muscle con- 
tains unstriped or smooth muscle 
fibres and is capable of slower but 
more sustained contractions. It is of 
value to the animal in keeping the 
valves together for long periods with 
the expenditure of very little energy, 
when, for example, the animal is 
being attacked. 


Two muscles pull the two halves of the 
mussel’s shell together. 


One large muscle pulls the two halves 
of a scallop’s shell together. 


A block diagram of the typical mollusc’s 
shell. 


Basically the shell is made up of three 
layers, an outer horn-like layer called 
the periostracum, a middle prismatic 
layer, and an inner nacreous layer. The 
periostracum is made of a substance 
called conchiolin which is a very similar 
chemical structure to chitin, an import- 
ant part of the arthropod shell. The 
prismatic layer consists of prisms of 
calcium carbonate arranged at right 
angles to the periostracum and to the 
nacreous layer. Each prism has a many- 
layered column of conchiolin separating 
it from its neighbour. The nacreous layer 
is made of alternate layers of nacre or 
‘mother-of-pearl’ (a form of calcium 
carbonate) and conchiolin. Whereas the 
prismatic layer and the periostracum 
are formed at the edge of the mantle, 
the nacreous layer is formed from the 
whole of the mantle and is released from 
its outer surface. Pearls are made by the 
oyster to seal off any foreign body that 
has ‘got under its skin’. 
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| HYDROSTATICS | 


YDRAULICS is a remarkably 
efficient way of distributing 
power evenly and making the most of 
a limited amount of force by the use 
of a liquid. The molecules of any 
liquid are already arranged as closely 
together as possible and they just can- 
not be packed any tighter. When a 
certain amount of liquid is forced in 
at one end of a liquid-filled pipe of 
constant diameter, exactly the same 
amount will be forced out at the other 
end. 

When a force is exerted upon a solid 
object the object transmits that force 
in the same direction (take, for ex- 
ample, the case of the billiard cue 
pushing a ball). But when a force is 
exerted upon a liquid the liquid trans- 
mits that force equally in all directions. 
What this means in practical terms is 
quite surprising. If a liquid-filled pipe 
has an area of one square inch at one 
end and 144 square inches at the other 
end, then a force of 12 pounds exerted 
at the narrow end would be trans- 
mitted equally in all directions by the 
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HYDRAULICS 


liquid. This means that each square 
inch of liquid at the wide end would 
be exerting a force of 12 pounds, and 
since the area at the wide end is 144 
square inches, the total force being 
exerted there would be 1728 pounds 
(144 12 pounds). So, if the liquid 
were to be pushed down the narrow 
section of the pipe with a force of 12 
pounds, a 1728 pound weight resting 
on the liquid at the wide end of the 
pipe would be moved. This is why 
hydraulics has so many useful applica- 
tions: there are countless instances 
where a large weight needs to be 
moved and the force available to do 
it is only small. 

To take one simple example, the 
hand-operated hydraulic jack enables 
one person to lift the corner of a car. 
This device is rather like the liquid- 
filled pipe which is wider at one end 
than at the other. When the liquid (a 
special oil) is pushed through the 
narrow part of the pipe by a piston, 
a ram, resting on the oil in the wide 
part of the pipe (cylinder), with the 


LIFT ARMS 


12 LBs. 


12 INCHES 


The principle of the hydraulic jack. 


car above it, is also moved. 

If hydraulics enables us to move a 
1728 pound weight with a force of 
only 12 pounds it seems to be a means 
of getting something for nothing. But 
a closer look at the hydraulic jack 
shows this is a fallacy. If the cylinder 
containing the ram is 144 times larger 
than the pipe containing the piston, 
then a force of 12 pounds exerted 
upon the piston will result in a force 
of 1728 pounds being exerted on the 
ram by the oil (the ram in turn 
exerts this force on the object above 


OIL TRANSFER PIPE 


it). But if twelve inches of oil are 
forced out of the narrow pipe by the 
piston, the ram in the cylinder is not 
lifted 12 inches. The cylinder is 144 
times as large as the pipe so the 12 
inches of oil pushed out of the pipe 
makes a difference to the level of the 
liquid in the cylinder of only 1/12 
inch. In other words the piston must 
be pushed 12 inches for the ram to 
move 1/12 inch. This is, in effect, like 
a lever with a force applied to an arm 
144 times as long as the arm moving 
the load. If the force moves 12 inches, 
the load only moves 1/12 inch. 

The units in which practical work 
is measured are foot pounds. One foot 
pound is the work done by a force of 
one pound weight acting through a 
distance of one foot. This method of 
measurement can be applied to the 
hydraulic jack. On one side a force of 
12 pounds weight moved the piston 12 
inches (one foot) so the work put into 
the machine equalled 12 foot pounds 
(12 pounds times one foot). On the 
other side the liquid exerted a force of 
1728 pounds on the ram but only 
moved it 1/12 inch (1/144 foot), so 
the work got out of the machine 
equalled 12 foot pounds (1/144 foot 
times 1728 pounds). Thus, with hy- 
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Simplified illustrations showing the opera- 
tion and layout of the Ferguson hydraulic 
system. 

This consists of a four-cylinder piston 
pump, driven in this case from the 
transmission, which supplies oil through a 
vertical pipe to the ram cylinder. The ram 
piston is connected to the ram arm which in 
turn 1s connected to the lift shaft. At each 
end of the lift shaft is a lift arm connected 
to a lift rod. The lift rods are connected to 
the lower links which can pivot on their 
forward mountings. Finally, the imple- 
ment ts attached to the lower links. 

The arrangement is such that when oil 
under pressure from the pump 1s supplied to 
the ram cylinder the ram piston is forced 
rearwards and this movement causes the 
lower links, with the attached implement, 
to be ratsed. 


draulic machines (and all others for 
that matter) you get no more work 
out of them than you put in. Their 
value lies in the fact that they convert 
a certain effort into the form most 
suitable for a certain task. 

One of the many valuable applica- 
tions of hydraulics is to be found in 
the hydraulic systems of tractors. 
Its basic function is to allow imple- 
ments, such as ploughs and culti- 
vators, to be attached bodily to 
the tractor. The main advantage of 
this is that it enables the implement 
to be raised or lowered by a finger-tip 
control. It also reduces the risk of the 
tractor rearing backwards as it tends 
to do when hitched too high to a 
heavy load. The essential principles 
of the hydraulic operation are very 
simple. For lifting the implement, oil 
is rapidly pumped under pressure by 
pistons through a narrow transfer pipe 
into the wide ram cylinder where it 
builds up and pushes the ram piston 
rearwards. The arrangement is such 
that this movement of the ram piston 
causes the implement to be lifted. 
Lowering is achieved by allowing the 
oil to drain back from the system. The 
ram piston then retreats back into the 
cylinder under the weight of the 
implement. 


» 


When oil is allowed to drain from 
the system back to the sump, the ram piston 
retreats back into the cylinder under the 
weight of the implement attached to the 
lower links. As this happens the implement 
ts lowered. 


CONTROL VALVE ASSEMBLY 


The flow of oil through the pump is 
governed by a sliding control valve 
which regulates the supply to and from 
the ram cylinder according to the height 
prescribed for the lower links (and thus 
the attached implement) by the manual 
control levers beside the driver’s seat. 
The valve consists simply of a metal tube 
with slots at each end. This fits into a 
container which is divided into two 
chambers, one of which provides a route 
for oil to the pump, and the other a 
route away from the pump. Only when 
the slots of the valve enter a chamber is 
the oil provided with a route either to 
or from the pump. 


LIFT 
POSITION 


Suction Chamber 


Discharge Chamber 
Closed 


pen 

When the valve slides forward its inlet 
slots pass within the inlet chamber so 
that the pump can draw on the oil 
supply and deliver it to the ram cylinder 
for lifting. In this position the valve 
keeps the discharge chamber closed so 
that the oil cannot escape back to the 
sump. 


NEUTRAL 
POSITION 


Suction Chamber Discharge Chamber 
Closed 


Closed 
With the valve positioned centrally, 
both the inlet and outlet slots are out- 
side their respective chambers. The ram 
piston and lifting arms are then locked 
in position. 


DROP ‘SLOW’ 
POSITION 


Oil Flow 


Suction Chamber 


Discharge Chamber 
Open 


When the valve slides rearwards the 
inlets chamber is sealed but the narrow 
outlet slots are brought within their 
chamber, allowing the oil to drain away 
slowly to the sump and the lift arms to 
fall. 


DROP Travel Limit Stop 
‘FAST’ 
POSITION 


Oil Flow 


Suction Chamber Discharge Chamber 

In this position both the narrow and 
wide outlet slots are brought within the 
discharge chamber. The oil can thus flow 
away rapidly to the sump and the lift 
arms fall swiftly. 
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| ELECTRONICS | 


MODERN DIODE valve may 

have eight or nine connecting 
pins sticking out of its base. This 
ensures that it fits securely into a 
standard valve-holder. But only four 
of the pins are actually electrical 
connections. One leads to the anode, 
one leads to the cathode and the 
other two lead to the filament or 
heater. 

The filament or heater is a fine 
tungsten wire like the filament of an 
electric light bulb—though it is not 
coiled. A fairly strong current (either 
A.C. or D.C.) is passed through the 
filament to make it red-hot or almost 
white-hot. The filament ‘is stretched 
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VALVE-HOLDER 


MAIN 
BATTERY BATTERY FOR 
FILAMENT 


CURRENT 


Components used in demonstrating the diode 
valve. The meter measures current in thous- 
andths of an amp. 
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FILAMENT 


ANODE 


The DIODE and 


between the base of the valve and a 
support near the top. The cathode is 
a metal sleeve surrounding the fila- 
ment but not quite touching it. Heat 
radiated out from the filament raises 
the temperature of the cathode, so 
that the mixture of barium oxide and 
strontium oxide coating the outside 
surface of the cathode throws out 
electrons (this is the ‘thermionic 
effect’). 

When the cathode is cool it does 
not throw out electrons, but as it is 
made hotter and hotter it throws out 
more and more electrons which form 
a bigger and bigger cloud around the 
cathode. The cloud of electrons (or 


(COLD) 


CATHODE 


The anode and cathode are correctly wired to 
a battery. No current flows because the 
cathode is cold. 


space charge) does not of its own 
accord move away from the cathode, 
so even when the cathode is emitting 
electrons there is still an empty space 
within the valve. At this stage the 
valve still represents a break in an 
electrical circuit, and a current can- 
not pass through the valve any more 
easily that it can pass through an open 
switch. In order to carry a current 
through the valve the electron cloud 
must move, for it is the electrons that 
carry electricity and a current is a 
flow of electrons. 

The cloud of electrons is turned 
into a flow of electrons by making the 
anode attract them. The anode is a 


FILAMENT 
(HOT) 


ELECTRONS 
GIVEN OFF 
BY THE 
HEATED 
CATHODE 


The cathode is heated and emits electrons. No 
current flows because there is nothing to pull 
the electrons to the anode. 


how it conducts 


flattened hollow cylinder made of 
nickel which surrounds the cathode. 
The space between the anode and the 
cathode is empty (since all the air has 
been removed from the valve), and 
the electrons emitted by the hot 
cathode have to be pulled across this 
empty space. Electrons are pulled to 
the anode only when it is positively 
charged, for the positive charges on 
the anode exert a force of attraction 
on the negatively charged electrons. 
Positive charges are put on to the 
anode by applying a voltage (elec- 
trical pressure difference) between 
the anode and cathode. A large dry 
battery, with its positive terminal 


ANODE 


POSITIVE 
ATTRACTS 
ELECTRONS 
TO IT 


METER 
RECORDS 
CURRENT 


The battery makes the anode positive so that 
it attracts electrons from the heated cathode. 
Meter now shows that current is flowing. 


BATTERY FOR 
FILAMENT 


MAIN 
BATTERY 


connected to the anode and its nega- 
tive terminal connected to the cath- 
ode, very conveniently provides the 
necessary voltage. 

The battery and its connections 
form a circuit which is broken only by 
the valve itself. Electrons are pulled 
across from the cathode to the anode, 
thereby bridging the break in the 
circuit. A sensitive ammeter placed 
anywhere in the circuit shows that a 
small current is flowing. If the battery 
is reversed, however, no current is re- 
corded by the ammeter. The electron 
cloud is still being formed but now 
the anode is negatively charged and 
repels electrons instead of pulling 


ANODE 
MADE 
NEGATIVE 
REPELS 
ELECTRONS 
BACK TO 
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MAIN 
BATTERY 
REVERSED 


The battery has been reversed, making the 
anode negative so that it repels electrons. No 
current passes through the valve or the meter. 


An actual diode is a very small valve. The 
filament stretches up the centre of the valve. 
It 1s surrounded by the cathode sleeve which 
is ttself surrounded by the anode. 


them across the valve. If the current 
supply to the heater is cut off, even 
though the anode is made positive and 
the cathode made negative, the am- 
meter again shows that no current is 
flowing in the anode circuit. This is 
because the cathode will not emit 
electrons when it is cold. There is no 
electron cloud for the anode to pull 
across the valve, so once again the 
valve acts as a break in the circuit. 
Although using a battery to make 
the anode positive is convenient and 
fairly reliable, it is generally cheaper 
to use the mains supply instead. But 
the mains supply in most countries is 
in the form of an alternating current 
(A.C.) which changes its direction 
about a hundred times every second. 
If the valve were connected to an 
A.C. supply instead of to a battery, 
its anode would be made positive for 
one-hundredth of a second, then 
negative for the next one-hundredth 
of a second. Electrons would be pulled 
across the valve in a series of jerks, 
for there would be no flow while the 
anode was negative. In order to pull 
the electrons across the valve in a 
continuous stream the alternating 
voltage of the A.C. mains supply has 
to be turned into a steady one-way 
voltage like that provided by a 
battery. How this is done will be the 
subject of a later article in this series. 
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INDUSTRIAL ALCOHOL 


In the manufacture of alcoholic drinks 
the aim is to make them as tasty and as 
appetising as possible. To provide the 
taste, certain impurities are left in the 
alcohol. But alcohol for industry must 
be pure and free from flavourings; 
therefore further distillation of the 
alcohol is carried out to remove these 
impurities. The redistilled alcohol is 
called rectified spirit. All this can be 
done successfully as a continuous process 
in the still patented by Aeneas Coffey 
as long ago as 1832. 


THE COFFEY STILL 


Fermented wash enters (A). It is pumped (B) to the 
first separating column or rectifier (C) from the 
bottom of which it is taken to the second separating 
column or analyser (D). Alcohol returns (E) 
through the rectifier (C) and the vapour (F) is 
cooled in the ‘“‘worms”’ (G). Pure alcohol arrives 
at the collecting vessel (H). 


Alcohol is an excellent solvent for 
' lacquers, gums and oils and also for many 
drugs. Many drugs are purified by dis- 
solving them in alcohol and then re- 
crystallising them. It can also be used as 
a fuel. But the manufacture of other 
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) chemical products from alcohol is its | 


biggest use. 

The old-fashioned way of making in- 
dustrial alcohol was to ferment grain or 
potatoes and then use the patent still. 
» The more modern method is to make it 
' from ethylene—a gas produced in the 
refining of petroleum. Ethylene is con- 
verted to alcohol by a series of chemical 
reactions involving the use of sulphuric 
acid. 

Apart from that used in the making of 
drugs, industrial alcohol is always 
treated to make it poisonous and un- 
pleasant so that it cannot be made into 
a drink. This is known as ‘denaturing’ 
the alcohol. It is then undrinkable and no 
tax need be paid on it. Denatured 
alcohol is sold under the name of methy- 
lated spirits. The name methylated is 
given because about 10% of methyl 
alcohol has been added. (This is a 
poisonous alcohol produced nowadays 
from petroleum.) A violet-coloured dye, 
foul-tasting pyridine and some petrol 
are also added. The alcohol used in in- 
dustry is usually denatured with only 
about 5% of methyl alcohol. 

Ordinary industrial alcohol contains 
about 5%, of water. If it is required ab- 
solutely ‘dry’ it is redistilled with 
benzene to remove the water and is then 
known as absolute alcohol. 
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ALCOHOL 


HE first discoverer of alcohol must 

have lived a very long time ago. 
Alcohol making was one of the first 
chemical reactions ever performed by 
men. However primitive a tribe may 
have been, there is nearly always evi- 
dence that it knew how to make 


‘alcohol. 


Rum, whisky and beer are all solu- 
tions of alcohol in water. Rum and 
whisky contain more alcohol and are 
stronger solutions than beer. They 
taste differently because each has dis- 
solved in it its own type of flavouring 
matter. 

When any watery sugar solution is 
allowed to ferment, it is changed into 
a solution of alcohol. The sugar solu- 
tion used can come from grape juice, 
plum juice or almost any other fruit 
juice. Even ordinary cane or beet 
sugar can be used. Starch cannot be 
fermented, but it can be converted 
into sugars from which alcohol can 
then be made. 

Wines and beer are mainly the pro- 
ducts of the fermentation process. 
They are quite weak, containing a 
little alcohol dissolved in a lot of 
water. If something rather stronger is 
required, the weak solutions must be 
distilled. Alcohol has a lower boiling 
point than water. If the weak alcohol 
solution is boiled, a vapour comes off 
which is stronger in alcohol. When the 
vapour is cooled it condenses to give 
a more alcoholic solution. This pro- 
cess, called distillation, can produce 
spirits which are too strongly alcoholic 
and have to be watered down to make 
them drinkable. Because alcohol is 
heavily taxed its distillation is illegal 


unless it is carried out under Govern- 
ment supervision and duty is paid 
on it. 

Whisky is made from barley, which 
is rich in starch but not in sugar. To 
make alcohol, the starch must be 
turned into sugar. The clean barley, 
free from dust and dirt, is soaked in 
water and spread out on a warm floor 
to germinate. When the barley begins 
to sprout, it starts to turn its starch 
into a sugar called maltose. ‘This 
happens naturally in readiness to feed 
the young plant. The barley has now 
been ‘malted’ and is now called green 


malt. The green malt is roasted above 
a peat fire to give it an aroma. The 
malt is ground to a powder and 
mashed with warm water so that the 
maltose dissolves in the water. The 
liquid is strained off and run into 
fermenting vats. To it is added yeast, 


ETHYL ALCOHOL 


Ethy! alcohol chemically is the alcohol both of industry and of whisky and rum. Although it 
is the best known alcohol it is by no means the only one. There are thousands of others. 
They are all called alcohols because they have one or more hydroxyl jap (an oxygen | 


atom attached to a hydrogen atom) each attached to a carbon atom, an 


it is the hydroxyl 


groups which are responsible for its chemical behaviour. The different carbon atom 
structures attached to the hydroxyl groups will change the physical properties of the 
alcohol (e.g. its boiling point) but in general they do not alter the chemical properties. 


METHYL ALCOHOL ETHYL ALCOHOL 


PROPYL 
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which is able to break down the more 
complicated molecules of the sugar 
maltose into the simpler sugar glucose. 

We need oxygen so that our bodies 
can burn food to provide energy. Yeast 
does not always need oxygen. It is a 
plant which can get its energy by 
breaking up glucose into carbon 
dioxide and alcohol. This is done in 
the fermenting process where glucose 
is changed into alcohol and frothy 
bubbles of the gas carbon dioxide are 
given off. (Carbon dioxide gives the 
‘fizz’ to champagne.) 

The fermenting liquid is distilled in 
a pear-shaped copper still called a pot 
still. The concentrated alcohol vapour 
coming off is led through a water 
cooled pipe, called a worm, where it 


distilled water is added so that the 
whisky is usually at a strength (or 
alcohol content) of 70° proof. 
Alcohol can be considered as a 
food, as a drug and as a poison. It 
can be burned by one’s body to 
provide energy. In this respect it is 


is such that it can seriously interfere 
with some normal bodily chemical 
reactions. Alcohol is usually thought 
of not as a food, but as a drug where it 
slows down the action of the nervous 
system affecting in particular the 
brain. This effect is not permanent, 


PROOF 


Proof is a measure of alcoholic strength. Spirits which are labelled 100° (degrees) proof are 
49-24% alcohol by weight at a temperature of 51°F., that is, approximately half alcohol and 
half water. Therefore pure alcohol will be about 200° proof. The whisky on sale in England 
is around 70° proof. This is about 35% alcohol. The percentage of alcohol is about half the 
number of degrees proof. When the term proof was first introduced, proof alcohol was 


powder the gunpowder could just be ignited. If very watery alcohol was used the gun- 
powder would not ignite, and if the alcohol was over proof the gunpowder would ignite 


violently. 


| 
| 
of the strength we call 100° proof nowadays. When proof alcohol was mixed with gun- | 


Left— The mash is being made of ground malt and warm water. The warm water completes the conversion of the soluble starch into 
sugar ready for fermentation. Right—Pot stills in the still house at a Highland malt whisky distillery. 


GLUCOSE 


is condensed and becomes liquid 
whisky. Various distillations of whisky 
are blended together and stored in 
casks for several years to mature. 
Before bottling, the right amount of 
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acting as a food. As alcohol is ex- 
tremely soluble in water it does not 
need digesting and can go straight 
into the bloodstream. 

The molecular structure of alcohol 


but while it lasts the body is less aware 
of stimuli to which it normally reacts 
very quickly, so it may lead to a 
carefree feeling. The drinker becomes 
less critical of himself and therefore 
more confident. About 0-1% alcohol 
in the bloodstream is sufficient to 
cause intoxication, i.e. about + of a 
pint of pure alcohol in the g pints of 
blood in the body. 

When the level in the bloodstream 
reaches 0:6%, the body cannot func- 
tion properly. The drinker has 
alcoholic poisoning, an unpleasant 
condition which can prove to be fatal. 
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HE human ear is a delicate organ, 

parts of which control the body’s 
sense of balance and parts of which 
are concerned with receiving sound 
signals before they are passed as im- 
pulses along a nerve to the brain. 

When a taut string is plucked it 
will vibrate and make a sound. The 
vibrating string pushes and pulls the 
air around it and in this way vibra- 
tions are transmitted through the air 
to our ears. 
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A simplified diagram 
showing the structure 
of the human ear. 


EAR 


Sound waves are collected by the 
outer ear which is bounded on the 
outside by a flap of skin (the ear lobe 
that we see) called the pinna and on 
the inside by a taut membrane, the 
ear drum. 

Sound waves make the ear drum 
vibrate in sympathy. This movement 
of the ear drum is conveyed through 
the middle ear (a cavity which contains 
air) by three tiny bones to the oval 
window which is at the innermost side 
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SEMI-CIRCULAR CANALS 


TYMPANIC CANAL 


VESTIBULAR CANAL 


of the middle ear. Beyond the oval 
window is the inner ear. The part of 
the inner ear which is concerned with 
hearing is called the cochlea, a coiled 
horn-like tube filled with fluid. Vi- 
brations of the oval window produce 
pressure changes on the fluid in the 
cochlea which affect tiny, sensitive 
hairs that link up with nerve fibre. 
The movement of these hairs results 
in impulses being sent along the nerve 
fibres which join to form the auditory 
nerve and which carry the impulses 
to the brain. 

In the brain these impulses are 
translated as sound. The ear does not 


hear—it merely receives sound waves 
which are transmitted as impulses to 
the brain. It is the brain which 
interprets these as sound. 

The middle ear is connected to the 
back of the throat by a narrow tube 
—the eustachian tube. This is normally 
closed by a small muscle but when we 
swallow or cough the tube opens to 
admit air to the middle ear from the 
throat. This ensures that the pressure 
in the middle ear is the same as that 
in the outer ear (i.e. equal pressures 
are maintained in either side of the 
ear drum). 

The area of the ear drum or 
tympanic membrane (about ; square 
inch) is nearly thirty times that of the 
oval window (about 3; square inch) 
and the ear bones form a system of 
levers which ‘gear down’ the move- 
ments of the tympanic membrane. 
This size difference between the two 
membranes and the ‘gearing down’ 
result in the pressure on the oval 
window being twenty-two times that 
of the original pressure of the vibra- 
tion on the tympanic membrane. 

The ear is protected from very loud 
sounds by the action of two muscles 
—one attached to the tympanic mem- 
brane and the other to the stirrup. 
When these shorten, the tympanic 
membrane and the oval window (to 
which the stirrup is attached) become 
more taut so that the extent of their 
to-and-fro movement is reduced. 

The wall of the cochlea is a rigid 
substance, bone, and since the cochlea 
is filled with fluid (and fluids cannot 
be compressed) the to-and-fro move- 


When a vibrating fork 
ts placed on the piano 
frame, to which the 
strings are attached, one 
string vibrates in sym- 
pathy. In the ear move- 
ments of the fluid in the 
cochlea cause parts of 
the basilar membrane to 
vibrate in sympathy. 


ments of the oval window cause 
pressure changes on the fluid. These 
pressure changes cause the basilar 
membrane, to which the sensitive hair 
cells are attached, to vibrate in 
unison. The accompanying stimula- 
tion of the hairs on the hair cells 
results in impulses passing along the 
ear nerve of the brain. 


-— SECTION ACROSS COCHLEA 
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The cochlea, if it is straightened 
out, can be seen to be a tapered tube 
containing three fluid-filled canals, 
the two outer of which are in com- 
munication with each other at the 
apex of the cochlea through a small 
opening. The oval window closes the 
end of one of these canals (the 
vestibular canal) while another mem- 
brane, the round window, closes the 
other (the tympanic canal). When the 
oval window bulges inwards (i.e. is 
pushed by the stapes) the pressure 
change in the fluid in the canals 
causes the round window to bulge 
outwards. This is probably a safety 
device which provides pressure relief. 

The ear receives a musical note as 
a sound wave and the brain, from the 
information it receives by way of 
nervous impulses, is able to determine 
the pitch, loudness and quality of the 
note. 

It is thought that the ‘judgment’ of 
pitch is, at least in part, due to the 
structure of the basilar membrane. 
This contains many fibres which are 
arranged at right-angles to the length 
of the cochlea. Fibres at the base of 
the cochlea are shorter than those at 
its apex and when different sounds 
are received by the ear different 
parts of the basilar membrane vibrate 
to a greater extent than other parts. 
Low frequency sounds (those with 
long wavelengths) cause the fibres at 
the upper end of the basilar mem- 
brane to vibrate, while higher fre- 
quency sounds (those with short wave- 
lengths) cause the fibres nearer the 
base of the membrane to vibrate. 
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RAYS 

OF LIGHT 
SPREADING 
OUT FROM 
ONE POINT ON 
THE OBJECT 


RAYS 
WHICH REACH 
THE EYE 


The eye sees a point on an object if some of the 
light rays spreading out from the object enter 
the eye. Rays of light spread out from every 
point on the object (either because it gives out 
light or because it reflects light). 


RAYS BENT 

FROM THEIR 
DIRECT 
PATHS 


If light rays can be bent from their direct 
paths, the eye sees the object, but not in its 
true position. 


ROM 
WHICH RAYS 


je} 
BE COMING 


—-—— 


The eye and the brain do not realize that the 
rays have been bent from their direct paths. 
The eye sees a kind of optical illusion. The 
point from which the rays appear to be 
spreading is a point on the image. 


THE FORMATION OF IMAGES 


N observer looking into a mirror 
sees an image of himself. He is the 
‘object’ that has caused the image. 
But if he reaches out to touch it he 
can only feel the surface of the glass 
stopping him from reaching the image. 
For the image appears to be behind 
the glass. Of course there is nothing 
really there: it is an optical illusion. 
How is such an image formed? 

An object is visible if it gives out 
light (as, for example, a lamp gives 
out light), or if rays from a source of 
light bounce off the object (as, for 
example, rays of light bounce off 
white paper). Whether the object is 
actually giving out light, or merely 
reflecting back the light falling on it, 
rays of light spread out from every 
point on the object. An observer sees 
the object if some of the rays enter his 
eyes. 

If, in some way, light rays can be 
bent from their direct paths the eye 
sees the object all right, but not in its 
true position. The rays seem to be 
spreading out from some point beyond 
the object. What the eye sees is the 
point from which the rays reaching it 
appear to have come. (The eye and the 
brain do not realise that the rays have 
in fact been bent from their direct 
paths.) So it is a kind of optical illu- 
sion—the object has not moved to a 
new position. The eye is looking at an 
image. 

How are the rays made to bend? 
Rays can be bent in a number of ways. 
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The simplest is reflection by a plane 
(flat) mirror. Each of the rays obeys 
the law of reflection, in other words 
the angle of incidence equals the angle 
of reflection. (The angle of incidence 
is the angle between the ray hitting 
the mirror and the normal. The angle 
of reflection is the angle between the 
ray bouncing off the mirror and the 
normal. The normal is a line at right 
angles to the mirror.) If the rays 
bouncing off the mirror into the eye 
are traced back, they appear to be 
spreading out from a point behind the 
mirror. There is in fact nothing at the 
point from where the rays appear to 
be coming. The image is said to be 
unreal, imaginary, or virtual. By mak- 
ing a scaled drawing of the paths of 
two or three rays from a point on the 
object to the mirror, and thence to the 
eye (drawing the angle of reflection 
equal to the angle of incidence), it is 
possible to trace back the rays to the 
point from which they appear to come. 
This is a point on the image. It is as 
far behind the mirror as the corres- 
ponding point on the object is in front 
of the mirror. Curved mirrors can 
also produce images like those pro- 
duced by a plane mirror. Again the 
rays must obey the laws of reflection. 
But the distance from the image to 
the curved mirror is not equal to the 
distance from the mirror to the object. 
And with curved mirrors the image 
may be larger or smaller than the 
object. (Drawing a few rays from one 


point on the object, however, cannot 
show the size of the image.) 

A very different way of making light 
rays bend, and thus giving rise to an 
image, is with the aid of a lens. Rays 
are bent, or refracted, as they enter the 
lens and as they leave it. A converging 
lens, as its name suggests, gathers up 
light rays. But it cannot always bring 
the rays together to make them meet 
(i.e. it cannot always focus them). 
Rays spreading out from any point on 
an object placed very close to a con- 
verging lens will still be spreading out 
after passing through the lens. But 
their paths have been altered on 
entering and leaving the lens. If the 
rays entering the eye are traced back 
they apparently come from a point 
behind the object. This is the point 
which the eye sees: it is a point on the 
image. Once again this kind of image 
is an optical illusion because light rays 
do not in fact come from the image. 
The image is virtual (as a matter of 
interest it is also bigger than the 
object—it is the image formed by a 
magnifying glass). 

A diverging lens always gives rise to 
virtual images. Rays of light spreading 
out from any point on an object are 
spread out even more by the diverging 
lens and their paths are altered as 
they enter and leave the lens. Ifthe 
rays are traced back they apparently 
come from a point in front of the 
object. The image is always virtual 
(and as a matter of interest always 
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Reflection by a plane mirror diverts the rays 
from their direct paths. This gives the illusion 
of an image as far behind the mirror as the 
object is in front. For clarity only three rays 
have been drawn in the diagram. 


diminished). 

All the images mentioned so far 
have been virtual. They exist only in 
imagination. If a piece of paper is 
placed at the point where the image 
is seen, nothing appears on the paper. 
But converging lenses and concave 
mirrors are capable of forming real 
images—images which can be caught 
on a piece of paper just as the image 
formed by a projector is caught on the 
cinema screen. 


WN 
NAY CORRESPONDING 


A converging lens will give rise to a real image 
of any object placed a long way from it. Rays 
of light from a point on the object cross and 
the eye receives rays of light spreading out 
from the point where they cross. The eye 
sees an image at the point where the rays 
cross. The image is formed on the opposite 
side of the lens from the object. 


Rays spreading out from any point 
on an object placed a long way from 
a converging lens are gathered up. 
They are gathered up so drastically 
that they all meet at one point. How- 
ever they do not stop when they meet, 
they cross and continue on their way 
to the abserver. But since they have 
crossed they are spreading out again. 
Rays reaching the eye actually do 
spread out from the point where they 


REFLECTED 
RAY 


NORMAL 
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Each of the rays must obey the law of 
reflection: angle of incidence (angle i) is equal 
to the angle of reflection (angle r). 


have crossed and the eye sees an image 
at this point. The image is real be- 
cause real rays of light spread out 
from it. A piece of paper placed at the 
point where the rays meet would 
catch the image (providing the object 
was either giving out, or reflecting 
enough light). Real images formed in 
this way are always upside-down 
(inverted) because of the crossing- 
over of light rays. 

A concave mirror produces real 


CORRESPONDING 
POINT ON THE 
IMAGE 


A POINT 
ON THE 
OBJECT 


A concave mirror will give rise to a real image 
of any object placed a long way from it. Rays 
of light from a point on the object cross, and 
the eye receives rays of light from the point 
where they cross. The eye sees an image at 
the point where they cross. The image is 
formed on the same side of the mirror as the 
object. 


images of objects placed a long way 
from it in much the same way as a 
converging lens produces real images. 
In the case of thé mirror, of course, 
the paths of the rays are changed by 
reflection, in the case of the lens the 
paths are changed by refraction. 

The next article in this series will 
show how the position and size and 
nature of an image may be found by 
means of a scaled drawing. 
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A convex mirror (e.g. a driving mirror) always 
gives rise to a virtual (imaginary) image. The 


‘rays must still obey the law of reflection. 


What this diagram cannot show (since it is 
concerned with point objects that have no 
size), is that the image is diminished. 
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A concave mirror (such as a shaving mirror) 
will give rise to a virtual image of any object 
placed near to it. The image appears to be 
behind the mirror. 
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CORRESPONDING 
POINT 


; CONVERGING 
ON THE 22 NS 


LE 
(MAGNIFYING 
GLASS) 


IMAGE |. 
A neh lens (such as a magnifying glass) 
will give rise to a virtual image of any object 
placed near to it. The image appears to be on 
the same side of the lens as the object.(i.e. on 
the side away from the observer). The rays 
are diverted from their direct paths by the 
refraction which occurs when they pass from 


air to glass or from glass to air. 

POINT ON THE 

OBJECT 

DIVERGING 

POINT ON THE LENS 
IMAGE 

*, 


RAYS BENT 
FROM’ THEIR 
DIRECT PATHS 


A diverging lens always gives rise to a virtual 
image no matter where the object is situated. 
The image is always on the same side of the 
lens as the object. 
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PROPERTIES OF MATTER 


Solids, Liquids and Gases 


"THERE i is real i importance he many 

ae purposes in defining ex- 
actly what the differences really are 
between solids, liquids and_ gases. 
Naturally anyone can tell at a glance 
whether something is a solid, a liquid 
or a gas. It does not need a scientist to 
tell whether the butter is still solid or 
whether it has melted, but it does 
take more scientific knowledge to 
explain exactly what a solid is and why 
it happens to be a solid and not a 
liquid or a gas. 

Any solid has a definite shape and a 
definite size or volume and is very 
reluctant to undergo any change. 
Someone who tried to stretch out a 
small diamond into a large one would 
be doomed to failure. Solids simply do 
not change their volumes. Applying 
pressure to the solid has little effect. 
When anyone sits on a chair, it does 
not alter in shape and grow smaller 
under the applied pressure, but just 


The chair does not grow smaller under the 
weight of the dog. 


The molecules of solid are held together in 
a similar manner to the stones in this wall. 
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remains the same. It is true you can 
mould a slab of butter to a different 
shape, but even so its volume does not 
change. A solid has a certain rigidity. 
It seems to be bound together in some 
way. If you lift one end of a pencil, the 
other end is also lifted. There is no 
danger of the pencil flying apart. 
Because of this cohesion within solids, 
to keep them in position it is only 
necessary to give them support from 
underneath. Molecules are the build- 
ing units or bricks from which solids, 
liquids and gases are constructed. In 
solids the molecules are so closely 
packed that there is little spare space 
between them. This gives the solid 
cohesion, making the parts of it stick 


pencil is lifted the other end also rises. 


Cohesion between molecules gives solids 
their fixed shapes. When one end of the 


Solids have definite shapes. 


together in much the same way as the 
bricks in a wall or the pieces in a 
mosaic. If heat is applied to a solid, 
heat energy causes the molecules (or 
building bricks) to vibrate. Those 
vibrations are not violent. A molecule 
does not move about in the solid, but 
shivers and vibrates because of its 
heat content, keeping the same set of 
next door neighbours. The more heat 
given to the solid, the greater is the 
vibration, but the pattern or structure 
remains the same. 

Generally when sufficient heat has 
been given to a solid, it melts. (There 
are substances such as chalk and wood 
which do not because they break up 
on heating.) The molecules now have 


It 1s only necessary to give solids support 
JSrom underneath. 


enough energy to wander around, 
constantly changing neighbours. The 
structure of the solid is broken. The 
solid has changed to a liquid. 
Because the molecules can wander 
where they please, support has to be 
given at the sides as well as under- 
neath, to make the liquid take on a 
certain shape, or the liquid would 
spill, pulled down by gravity. The 
liquid always takes on the shape of 
any vessel in which it is placed. 
Gravity keeps the surface horizontal 
by pulling the molecules as far down 
as possible. Most of the molecules 
have not enough energy to jump out 
of the surface (the few that do, evap- 
orate), so support is not needed on the 
surface of the liquid to keep it in 
place. Liquids, like solids, cannot 
easily be compressed, because there 
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is not much space between the mole- 
cules. 

When the liquid boils, it changes 
state, becoming a gas. The molecules 
move at such high speeds that they 
are quite independent of each other. 
They now need much more space in 
which to move. Air is invisible be- 
cause there is so much space between 
its molecules. Individual molecules 
are too tiny to reflect light rays, and 
therefore they cannot be seen. A 
single speck of a solid contains millions 
of molecules bound closely together 
into something which is large enough 
to reflect light rays. 

The molecules in a gas rush around, 
colliding with each other and with the 
walls of the vessel. If nothing were 
blocking their path they would just 
go on travelling in the same direction. 
Therefore to confine a gas, it must be 
enclosed on all sides. If this is not 
done, the gas can escape. Gas mole- 
cules rapidly spread themselves out to 
fill the whole of the vessel. Gas 
escaping from a pipe at one end of a 
room can soon be detected at the 
other. The air in a room does not all 
gather together in one corner, but 
spreads out to fill the whole room. 
Because there is a great deal of empty 
space within a gas, its molecules can 
easily be moved closer together, com- 
pressing the gas. This is quite unlike 
solids and liquids where the molecules 
are already close together. As the 
molecules are independent of each 
other there are no forces of cohesion 
within the gas giving it a shape of its 
own. 


These red spheres re- 
present thesingle mole- 
cules ofa gas. The make- 
up of a molecule will 
vary with the gas. 


Liquids need supporting at the sides as 
well as underneath. 


The liquid always takes on the shape of the 
vessel which contains it. 


The path of a gas molecule can be changed 


Because there is a great deal of space 


only by a collision with an obstacle. To 
within a gas it can easily be compressed. 


confine a gas it must be enclosed on all sides. 
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INORGANIC CHEMISTRY 


INERT GASES 


—The Anti-Social Elements 


Filling a meteorological balloon with helium. Helium is, like hydrogen, very much lighter than an equal volume of air, hence its use in 


balloons and airships. Hydrogen proved to be a very dangerous substance to use in airships because it is so inflammable. But helium is 


one of the inert gases. It does not burn at all. 


ELIUM, neon, argon, krypton, 

xenon and radon are the members 
of the ‘lazy’ family of elements called 
the inert gases. All other elements, 
however unreactive they are, will to 
some extent undergo chemical reac- 
tions and form compounds. The inert 
gases will not. They prefer their own 
company to partnership with other 
atoms in chemical combination. 
Whereas most other elements are 
found in Nature not on their own, but 
as compounds, these gases are always 
found as elements, i.e. never chemi- 
cally combined with other substances. 
The atoms are in factso anti-social that 
they do not even join together in pairs 
as do atoms of oxygen, nitrogen, etc. 
Scientists have tried and tried to make 
these elements take part in reactions 
and have succeeded only in a very 
few odd cases by using extreme con- 
ditions of temperature and pressure. 
But under normal conditions they are 
totally unreactive. 

Some atoms react because their 
normal structure is short of the ‘ideal 
design’ number of electrons, others 
because they have too many. They all 
want to become like inert gases with 
an ‘ideal’ outer shell. Because the 
inert gases have just the right number 
of electrons in their outer shell they 
are not inclined to do the extra work 
needed to make them combine. (See 


page 91.) 


Argon 


Scientists have put this inactivity to good 
use. Argon at low pressure is used for filling 
electric light bulbs. Electricity.passes through 
a very fine filament made of the metal 
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tungsten. The filament gets white hot and 
light is given out. If there were any oxygen 
present at this high temperature a chemical 
reaction would take place between the metal 
and the oxygen and the filament would turn 
into tungsten oxide which does not conduct 
electricity, and would flake off. In other 
words it would burn out. If argon has been 
used to drive out the other gases then the 
filament is quite safe because inert argon will 
not react with it. If it were possible to with- 
draw all the air from a bulb and not fill the 
bulb with any other gas, then the surface of 
the filament at this great temperature would 
thaw off molecules from its surface, and by 
doing so would get thinner and wear out. 
So the argon does two jobs. It stops the 
filament from burning out when it is hot 
and it stops it from evaporating. away. 


Helium 


Helium, because it is so unreactive, has 
‘taken the place of hydrogen for filling observ- 
ation balloons. It is somewhat heavier than 
the extremely light hydrogen but it is the 
lightest member of the inert gas family. 
Using it instead of hydrogen cuts out all 
danger of fire because helium cannot burn. 
Mixtures of helium and oxygen are nowadays 
breathed by deep sea divers because, under 
high pressures, helium is less soluble in the 


‘blood stream than nitrogen. This reduces the 


risk of ‘diver’s bends’ which breathing 
ordinary air under pressure may produce. 


Neon 


An electric spark is passed through a tube 
of low pressure neon. The electrical energy 
enables the outer electrons of the neon atoms 
to skip a bit further away from their centres 
(nuclei) making the atom excited. Almost 
immediately the electrons skip back again, 
giving out their extra energy as orange light 
which is very brilliant, and has a high power 
of fog penetration. Neon lights are used in 
aerodrome beacons because they can be 
seen through fog. Pure neon can only make 
light of a  reddish-orange colour. To 
make neon lights of other colours the glass 
tube is usually coated on the inside with 


a suitable powder or emulsion to give the 
colour required. 


Krypton and Xenon 


The photographer’s flash tube, used for 
taking high speed pictures, is filled with a 
mixture of krypton and xenon. When a dis- 
charge (a spark of electricity) is passed 
through the tube, a very intense light suitable 
for photography is given out for a very short 
time. This flash apparatus can be used over 
and over again, unlike the flash bulbs which 
are used once and then thrown away. 


Radon 


Radon, the heaviest member of the family, 
is a radioactive gas. The radiation it gives off 
is used in hospitals for treating some forms 
of cancer. The gas is made from radium salts 
and put into sealed tubes to be sent to the 
hospitals. 


Helium, neon, argon, krypton and 
xenon are all naturally-occurring ele- 
ments which are found in the atmos- 
phere. Helium is also found in natural 
(oil-well) gas which can contain as 
much as 5% of it. Sometimes it is 
found dissolved in water as it is in the 
springs at Bath. The inert gases, or 
rare gases, as they are sometimes 
called, are usually obtained by separ- 
ating them from the air where to- 
gether they make up rather less than 
1% of its volume. Air is cooled suffi- 
ciently to make it become liquid, 
leaving the helium and neon behind 
as gases. As the liquid air is allowed 
to warm up the nitrogen boils off 
first, then argon, then oxygen, then 
krypton and finally xenon. The ‘boil- 
ing off’ takes place in a fractionating 
column—a piece of apparatus which 
separates the gases according to their 
different boiling points. 


[SOUND | 


The Microphone 


HE sound of a voice is the vibra- 

tion of vocal cords in the speaker’s 
throat. The vibration of the cords is 
transmitted through the surrounding 
air, picked up by our ears and inter- 
preted by our brain as sound. It is 
common knowledge that sound dies 
away with distance. In other words, 


tion of sound waves. Although there 
are several kinds of microphone, all 
contain a disc, or diaphragm, which vi- 
brates in sympathy with sound waves 
striking it. When a person speaks 
into a microphone the vibrations of 
his voice strike the diaphragm and 
cause it to vibrate in sympathy (i.e. to 


Types of Microphone 

dn the moving-coil microphone a diaphragm is attached to a light coil of wire between the poles of 
a permanent magnet. As the diaphragm vibrates in sympathy with the speaker’s voice the coil moves with it. 
When a wire is moved near the end of a magnet an electric current is produced (always providing that there 
is a complete circuit for the current to flow through) and the to-and-fro vibration movement sets up a to-and- 
fro electric current in step with it. Thus the moving coil sets up an electric current which varies in time and 
strength with the vibrations of the diaphragm and hence with the vibrations of the speaker’s voice. A very 
sensitive modern microphone is the crystal type. Its diaphragm is fixed to a slice of material, such as quartz, 
which becomes electrically charged when compressed. The size of the charge varies in time with the vibrations 
of the diaphragm. Yet another type in common use is the condenser microphone. This contains a condenser, 
a device for holding static electricity. One plate of the condenser forms the diaphragm, and the capacity of the 
condenser varies in time with the vibrations of the diaphragm. 


the vibrations or sound waves die 
down slowly as they travel through 
the air. But there are many instances 
where it is necessary to take the sound 
of a voice further than it would 
carry normally. Take, for example, 
the case of a public address system in 
a large building with numerous rooms 
whose walls would prevent sound 
travelling directly, or that of a person 
wishing to speak to somebody in a 
distant town. This can be done with 
the aid of an electrical circuit con- 
taining a microphone. 

The function of a microphone is to 
set up electric currents which vary 
in strength exactly in time with vibra- 
tions in the surrounding air. In other 
words, it makes an electrical reproduc- 


The Telephone 
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vibrate with exactly the same rhythm). 
The vibrating diaphragm then either 
sets up or modifies an electric current 
which varies in strength in time with 
its own vibration and, hence, with the 
vibration of the speaker’s voice. 

The next step is to convey the elec- 
trical reproduction of the sound waves 
to the place where they need to be 
heard and turn it back into actual vi- 
brations which can be picked up by 
the ear as sounds. The instrument 
which does this (a loud-speaker) works 
on the reverse principle to the micro- 
phone; the varying electric current 
entering it is made to vibrate a dia- 
phragm and the vibrations of the dia- 
phragm travel out through the air as 
sound waves. In between the micro- 
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Simplified diagram showing how sound waves can be reproduced 


electrically in the mouthpiece of one telephone, transmitted over a 
distance and changed back into sound in the earpiece of another 


‘telephone. 


The sound of a voice is the vibration of vocal 
cords in the speaker’s throat (see inset). 


phone and the loud-speaker the cur- 
rent strength is usually magnified 
(without altering its rhythm) by means 
of amplifying valves. The increased 
current strength makes the diaphragm 
in the loud-speaker vibrate more 
strongly than the diaphragm in the 
microphone but still in time with the 
microphone vibrations. 

There are various ways of making 
electrical reproductions of sound 
waves. The diaphragm in the mouth- 
piece of a telephone carries a small flat 
disc of graphite (a form of carbon). 
Sandwiched between this and a 
similar disc fixed nearby are a num- 
ber of fragments of graphite, loosely 
packed. As the vibrations of the 
speaker’s voice strike the diaphragm 
it vibrates in sympathy and the first 
disc vibrates with it (but not the 
second). Thus the loose graphite ‘fill- 
ing’ of the ‘sandwich’ is alternately 
compressed and released. The elec- 
trical resistance of the ‘sandwich’ de- 
pends upon how tightly the graphite 
fragments are pushed down. Since this 
varies with the vibration of the dia- 
phragm, so does the electrical resist- 
ance. Thus a current passed through 
the microphone from a battery will 
vary in strength in time with the vi- 
brations of the diaphragm too. These 
electrical reproductions are conveyed 
through wires to a distant listener 
and converted back into real sound 
waves in the earpiece of his telephone. 
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| ATOMIC CHEMISTRY | 


CRYSTAL 
STRUCTURES 


‘THE majority of solid substances are made up of crystals. 

In some cases, such as sand, sugar, common salt and 
washing soda, individual crystals can be seen without 
difficulty. But more often it is necessary to use a micro- 
scope in order to see that a substance (such as iron) is in 
fact made up of crystals. 

Every crystal has a definite shape. Its surfaces are 
flat and any two adjacent surfaces meet at a definite angle. 
When a crystal is split up it usually breaks in such a way 
that the fragments are related in shape to each other and 
to the original crystal. 

Even the crystals which are visible to the naked eye 
display an enormous variety of shapes and sizes. Because of 
their astonishing regularity, however, crystals can be 
classified into thirty-two types. These thirty-two different 


Tiny cubes and other regular solid shapes can be neatly arranged 
to make models of common crystal types. In these illustrations 
cubes have been piled up to form an octahedron (left) and a cube 
with one corner missing (right). 


types can be further classified into only six systems: cubic 
(also called isometric), tetragonal, hexagonal, ortho- 
rhombic, monoclinic and triclinic. (Some crystallo- 
graphers recognize a subdivision of the hexagonal system 
which they call the trigonal system or the rhombohedral 
system.) Which particular system a crystal belongs to is 
governed by its symmetry or regularity rather than by its 


SODIUM 
1ON 


(Left) A small fragment of common salt contains equal numbers of 


sodium ions and chloride ions arranged in a regular repeating pattern. 
(Centre) The pattern is shown clearly in this model where red balls 
represent sodium ions and white balls represent chloride ions. (Right) 
The basic unit of the repeating pattern or lattice is a simple cube. 
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centre of each face. 


SIMPLE CUBIC BODY-CENTRED 
CUBIC 

BODY-CENTRED SIMPLE 

TETRAGONAL TETRAGONAL 


THE FOURTEEN CRYSTAL LATTICES 
ANGLES MARKED IN GREEN ARE LESS THAN RIGHT-ANGLES 


actual shape. The six systems are described on page 81. 

The regularity of crystal shapes and the fact that they 
can be split into equally regular fragments suggests that 
a crystal is constructed of ‘units’ arranged in a very orderly 
manner. This idea was put forward by the abbé Haiiy as 
long ago as 1784. He took hundreds of tiny blocks and 
piled them up into cubes, octahedra (an octahedron is 
like two pyramids fixed base to base) and other shapes 
commonly found amongst crystals. But he did not venture 
to guess what the basic building blocks of crystals really 
were. 

We now know that the basic ‘units’ in the structure of 
a crystal are simple arrangements of either atoms, mole- 
cules (tightly bound groups of atoms) or ions (atoms 
which have become electrically charged by losing or gain- 
ing electrons). We know for example that a crystal of 
sodium chloride (common salt or halite) contains equal 
numbers of sodium ions and chloride ions. The ions are 
arranged in a regular, repeating pattern called a lattice. 
In case of sodium chloride the simplest ‘unit’, which 
repeats over and over again throughout the lattice, is a 
cube having sodium ions at four of its corners and chloride 
ions at the remaining four corners. Such an arrangement 


Left) The arrangement of atoms in a small fragment of copper. (Right) 
. model of the basic unit is a cube with atoms at each corner and at the 
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is illustrated at the foot of the opposite page. Because the 
arrangement is difficult to draw and difficult to visualize 
the actual ions are usually left out and only their centres 
are shown. If the centres are joined by straight lines the 
skeleton of a cube results. Consequently sodium chloride is 
said to have a simple cubic lattice. This does not mean 
that the entire lattice is necessarily in the shape of a cube, 


Why are there as many as fourteen possible crystal 
lattices? The lattice of a particular crystal is determined 
by several factors. One factor is the different sizes of the 
atoms, molecules or ions it contains (in sodium chloride, 
for example, the chloride ions are almost twice as big as 
the sodium ions). Another factor is the number of each 
kind of atom, molecule or ion contained in the lattice. 


THE SIX SYSTEMS OF CRYSTALS 
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merely that each ‘unit’ in the lattice has a cubic skeleton. 
Copper crystals, too, are built up from a lattice of cubes. 
But the corners of each cube in this lattice are occupied by 
atoms of copper, not ions as in common salt. Also the 
cube has a copper atom at the centre of each face as well 
as at each corner. Copper is said to have a face-centred 
cubic lattice. ‘Dry ice’ (solid carbon dioxide) has a face- 
centred cubic lattice with molecules (each consisting of a 
carbon atom merged with two oxygen atoms) occupying 
the lattice positions. At temperatures above 906°C iron 
has a crystal structure like that of copper, i.e. a face- 
centred cubic lattice. At lower temperatures iron has a 
body-centred cubic lattice in which each repeating unit 
consists of eight iron atoms occupying the eight corners 
of a cube with a ninth iron atom situated at the centre of 
the cube. The three different cubic lattices (simple, face- 
centred and body-centred) all give rise to crystals of the 
cubic system. Altogether there are fourteen possible 
crystal lattices which between them give rise to the six 
systems of crystals mentioned earlier. 
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Sodium chloride contains equal numbers of sodium ions 
and chloride ions. Calcium fluoride (fluorspar or fluorite) 
on the other hand has twice as many fluoride ions as 
calcium ions. 


(Left) Each carbon atom in a diamond is joined to four neighbours 
by strong bonds. (Right) Carbon atoms in a graphite crystal are 
arranged in sheets. Strong bonds link the atoms within each sheet, 
but the bonds between atoms in adjacent sheets are weak. 
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SPINEL 
(from a different angle) 


BERYL 


SPINEL ; ; brite eae 
(Above) Patterns formed on photographic plates when a beam of 
X-rays is split by thin slices of various crystals. — 


TOPAZ 


The factor which is most important in determining the 
lattice arrangement for a particular crystal is the type of 
bond holding adjacent atoms, molecules or ions together. 
For example, pure graphite (the soft grey material used 
as the ‘lead’ in pencils) and diamond are chemically 
‘duce Gk identical. Both contain only atoms of carbon. Yet one is 
Sa Bee hard and one is soft. Each of the atoms in a diamond is 
linked to four neighbouring atoms by precisely the same 
kind of bond which links atoms in a true molecule (i.e. by 
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(Above) Fine lines ruled close together on glass will split a beam 


of light. 
THIN 
ee ILM OR PLATE 
OF 
CRYSTAL 
NARROW BEAM ; A ; 
OF X-RAYS The presence of ‘foreign’ atoms of a different size prevents the 


formation of a regular lattice. The ‘foreign’ atoms actually give 
strength to a metal, for the neat rows of atoms in a regular 
lattice slide easily over each other. 


sharing each other’s outer electrons). In graphite each 
carbon atom is joined to three neighbours in a flat sheet 
by sharing electrons, and to a fourth neighbour, not in the 
same flat sheet, by a much weaker bond. Because of this 
different kind of bond, graphite has a different kind of 
lattice from diamond and hence it has different physical 


(Above) The rows of atoms in a crystal act like 
the lines ruled on glass. They will split a beam 
of X-rays (vertically and horizontally at the 


same time) properties. 
The atoms, molecules or ions in a crystal lattice are far 
| too small to affect a beam of light, so they cannot be seen 
age = even under the most powerful microscope. X-rays, how- 
| Bence Gace ever, have a shorter wavelength (crest to crest distance) 
5 eres than visible light and the atoms, molecules or ions in a 
crystal lattice can split a beam of X-rays. When the split 
aS beam falls on to a photographic film it produces a regular 
pattern of spots. 

REFLECTED I d 7 : b f X h h 3 
BEAM IN nstead ol passing a beam oO -rays throug a thin 
DIRECTIO slice of crystal a more reliable pattern can be obtained by 


INTENSE reflecting X-rays from its surface. If the wavelength of the 


X-rays is known the angle of reflection can be used to find 


hee pe Rieteciet 8 : the distance between successive layers in the crystal lat- 
en a beam of X-rays is reflected by a crystal, some rays bounce . 2 : 

back from the first layer of atoms, some from the second and so wre The method of examining crystal lattices by the 
on. The ae reflected in a particular direction by the various reflection of X-rays was developed by Sir William Bragg 


layers reinforce each other giving a very intense beam. The angle and his son Sir Laurence Bragg. It has provided practi- 
at which the intense beam is reflected is measured. 


EACH OTHER 


cally the whole of our knowledge of the structure of solids. 
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MIRROR AND LENS IMAGES 


Finding the position, size and nature of an image 


HE position, size and nature of 

any image formed by a lens or a 
spherical mirror can be determined by 
drawing a diagram to scale. This is 
not as accurate as methods based on 
mathematical calculation, but it is 
easier to understand. 

It is only necessary to trace the paths 
of two rays in order to locate the image 
—the important thing is to choose, out 
of the countless rays spreading out 
from the object, the two which pass 
through certain fixed points. It is, of 
course, necessary to know something 
about the lens or mirror being used. 
Spherical Mirrors 

No matter how they are made, 
spherical mirrors can be regarded as 
parts of a hollow silvered glass ball. 
The radius of curvature (symbol r) of the 
mirror is simply the radius of the glass 
sphere of which it forms part. The 
centre of curvature (symbol C) is simply 
the centre of the sphere. A line drawn 
through the centre of curvature to hit 
the middle of the mirror is called the 
axis; the point at which it hits the 
mirror is called the pole (symbol P). 

Half-way between the centre of 
curvature and the pole is a point 


CONCAVE 
MIRROR 


AXIS 


All rays which lie parallel to the axis 
of a concave mirror are reflected 
through the principal focus (F). 


called the principal focus (symbol F). 

All rays of light travelling parallel 
to the axis of a concave mirror are re- 
flected back through the principal 
focus. If rays of light travelling 
parallel to the axis fall on a convex 
mirror they spread out after re- 
flection; the principal focus in 
this case is the point from which they 
appear to be spreading. The distance 
from the focus to the pole is called 
the focal length (symbol f). Any ray 
which travels parallel to the axis of 
a concave mirror will be reflected 
through the focus. (Any ray travelling 
parallel to the axis of a convex mir- 
ror will be reflected away from the 
focus. ) 

Any ray passing through the centre 
of curvature must hit the surface of 
a concave mirror at right-angles (this 
is simple geometry) and according to 
the laws of reflection it will be re- 
flected back along its own path. 
Any ray travelling towards the centre 
of curvature of a convex mirror 
will hit the reflecting surface at 
right-angles and will return along 
its own path. 

With these facts in mind it should 


C=CENTRE OF CURVATURE 
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All rays which lie parallel to the axis 
of a convex mirror are reflected as if 
they came from the principal focus (F). 


This ray must pass through the principal 
focus (F) after reflection. 
REFLECTED 
RAY 
INCIDENT, 


“RAV cote 


AXIS 


This ray must appear to come from the 
principal focus (F) after reflection. 
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REFLECTED 
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Any ray passing through the centre of 
curvature (C) must hit the mirror at 
90° and will be reflected back along its 
own path. 


AXIS 


Any ray travelling towards the centre of 
curvature (C) must hit the mirror at 90° 
and will be reflected back along its own 
path. 


. 
OBJECT RAY 


POINT WHERE 
EFLE 


RAYS CROSS 
IS CORRESPONDING 
POINT ON THE 
IMAGE 
These are two rays whose paths can be 
predicted. Where they cross after re- 
flection is a point on the image. 
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All rays which lie parallel to the axis of a 
converging lens are refracted through the 
principal focus (F). 


A ray passing through the optical centre (O) 


of a converging lens is not deviated from its 
original direction. 


be possible to draw two rays from any 
point on the object. One ray is drawn 
parallel to the axis; the other ray 
is drawn through the centre of curva- 
ture. For simplicity the rays are 
always drawn from the top of the 
object. The point where they meet 
after reflection is the top of the 
image. If they do not meet they 
must be traced back to an imaginary 
point from which they appear to 
come. If the object is arranged vertic- 
ally with its base on the axis the 
base of the image will also lie on the 
axis. Once the top of the image has 
been located the whole image can 
simply be sketched in vertically 
between the axis and point represent- 
ing the top of the image. 
Lenses 

The axis of a lens is the line which 
passes through the middle of the lens 
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All rays which lie parallel to the axis of a 
diverging lens are refracted so that they 
appear to come from the principal focus (F). 


i 
: 4 
das. 
A ray passing through the optical centre (O) 


of a diverging lens is not deviated from its 
original direction. 


at right angles to its surfaces. Rays 
of light travelling parallel to the axis 
of a converging lens are gathered 
up so that they all pass through a 
point called the principal focus (sym- 
bol F). (The principal focus of a 
diverging lens is the point from which 
rays travelling parallel to the axis 
appear to come after the lens has 
spread them out.) Any ray which 
travels parallel to the axis of a con- 
verging lens will, after being refracted, 
pass through the principal focus. (Any 
ray which travels parallel to the axis 
of a diverging lens will, after re- 
fraction, appear to be travelling away 
from the principal focus.) The dis- 
tance from the principal focus to the 
mid-point of the lens is called the 
focal length (symbol f). 

Any ray passing through the mid- 
point of a lens (called the optical 


CONSTRUCTION 
LINE 
(SEE TEXT) 


RAYS MEET 


centre, symbol O, not to be confused 
with centre of curvature) will carry 
on without being deviated from its 
original path. It may be refracted 
(bent) as it enters the lens, but the 
bending is cancelled out as it leaves 
the other side of the lens. 

To find the position of the image 
formed by a lens it is only necessary 
to draw two rays spreading out from 
the topmost point of the object. One 
is drawn straight through the optical 
centre of the lens. The other is drawn 
parallel to the axis and, on emerging 
from the lens, passes through the 
principal focus. (In the case of a 
diverging lens this ray will appear to 
be travelling away from the principal 
focus.) The point where the two rays 
meet (even if they have to be traced 
back to an imaginary meeting point) 
is the top of the image. If the object 
is vertical with its base on the axis, 
the image will also be vertical with 
its base on the axis. Having located 
the top of the image the rest of it can 
be sketched in between this point and 
the axis. 

Ray diagrams for both mirrors and 
lenses are easier to draw (and actually 
give better results) if the bend- 


ing (reflection or refraction) is shown 
taking place on an imaginary line 
drawn at right-angles to the axis 
through the pole or optical centre. 
In fact it is not necessary to draw 
in the lens or mirror at all once 
line 


this construction has been 


inserted. 
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This object lies beyond the centre of curvature of a concave mirror. 
The image is formed between the centre of curvature and the 
focus. It is inverted (upside-down) and it is diminished (smaller 
than the object). Because it is produced by the meeting of actual 
light rays it is a real image (it could be shown on a screen). 
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This object lies between the centre of curvature and the focus of 
a concave mirror. The image is formed beyond the centre of 
curvature. It is inverted and it is magnified Alereer than the 
object). Because it is produced by the meeting of actual light rays 
it is a real image. 


APPEAR 
TO COME 


IMAGE 


This object lies between the focus and the pole of a concave 
mirror. The image is formed behind the mirror. It is upright and 


magnified. It is a virtual image since light rays only appear to 
come from it. 
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This object is over twice the focal length away from a converging 
lens. The image is formed just beyond the focus. It is inverted 


and diminished. Because it is produced by the meeting of actual 
light rays it is a real image. 


POINT FROM WHICH 


= RAYS APPEAR 
ie TO COME 
i N™ 
yH nN 
/ | Me Ste 
} eee Pro 
| | oN 
i =e ~ 
| ~ a 
| SOURCE @F 
AYS 
| 
| q 


This object is less than the focal length away from a converging 
lens. The image is formed on the same side of the lens. It is upright 
and magnified. It is a virtual image since light rays only appear 
to come from it. 


REFLECTED RAYS 
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This object could be anywhere in front of a convex mirror. The 
image is formed behind the mirror between the focus and the pole. 
It is upright and diminished. It is a virtual image since light rays 
only appear to come from it. 
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This object is slightly more than the focal length away from a 
converging lens. The image is formed at a considerable distance 
from the lens. It is inverted and magnified. Because it is produced 
by the meeting of actual light rays it is a real image. 
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This object could be anywhere in front of a diverging lens. The 
image is formed on the same side of the lens. It is upright and 


diminished. It is a virtual image since light rays only appear to 
come from it. 
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Solar 


NE of the most fundamental pro- 

blems connected with satellites 
is that of providing an adequate 
power supply for the mass of compli- 
cated instruments they usually carry, 
including the transmitters which send 
valuable information back to Earth. 
If a nuclear reactor could be included 
in a satellite the problem would be 
solved ‘immediately. Until recently 
this has been impossible because 
the satellite’s weight must be kept 
to an absolute minimum, for a small 
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Power | for Satellites 


difference in weight makes a great 
deal of difference to the size of the 
rocket needed to send it into orbit. 
Reactors are now being developed 
that are light enough for this purpose. 

Most satellites have so far relied 
for their power supply upon simple 
devices called solar cells. These con- 
vert the energy of the Sun’s rays 
photoelectrically into electrical energy 
to power the instruments. They 
charge batteries which have to be the 
satellites’ sole source of power while 
in Earth’s shadow. Solar cells consist 
of razor-thin strips, or wafers, of 
silicon (the chief ingredient of sand). 
When these are exposed to sunlight an 


electric current is generated. An 
important factor in solar cells is 
that they are adversely affected by 
radiations other than light (e.g. X- 
rays and ultra-violet rays). Because 
of this each cluster of cells is pro- 
tected by a thin ‘window’ of trans- 
parent quartz which permits the 
entry of light rays but stops higher- 
energy radiations. The extent to 
which the solar cells are affected by 
harmful radiations is not fully known, 
but it is thought that without the 
protective screening their life in 
certain instances might be reduced 
to a matter of a few weeks. 

The quartz shield also protects the 


cells from encounters with micro- 
meteorites, the sand-like cosmic dust 
of space. The life of the solar cells is 
dependent chiefly upon the erosion 
suffered by the protective window 
as micrometeorites strike it, for such 
erosion reduces the amount of the 
Sun’s energy that can pass through 
the glass. 

One obvious disadvantage of solar 
cells is that they only function when 
exposed to sunlight. When a satellite 
is orbiting the Earth it is hidden 
from the Sun for part of its journey 
by the bulk of our planet, and during 


Photoelectric Effect 


The solar cells which provide a power supply 
for satellites convert the energy of the Sun’s 
rays into electrical energy photoelectrically. 
They are in fact a type of photocell. The photo- 
electric effect depends upon the ability of 
certain substances to throw out electrons 
from their surface when exposed to light (cer- 
tain substances eject electrons more readily 
than others). For example, copper oxide and 
lead in contact, when exposed to light of suffi- 
cient intensity, will produce a strong flow of 
electrons (i.e. an electric current) which can 
be measured by a galvanometer (a delicate 
current-measuring instrument). In this type of 
photocell the lead plate is coated with a layer 


Solar Power Success 


Solar cells were first used successfully as 
a satellite power source in Vanguard I 
launched on 17th March 1958. Six solar 
batteries each measuring two inches square 
were attached to the satellite's aluminium 
skin under special glass windows. The solar 
batteries consisted of 18 extremely thin 


TELSTAR 


this time no electrical energy is 
being generated by the solar cells. 
This problem has been surmounted 
by using the electrical energy gener- 
ated by the cells to charge batteries. 
These provide electrical power the 
whole time and are recharged by the 
solar cells each time the satellite is 
in view of the Sun. 

Solar cells can serve other functions 
apart from providing power. Tel- 
star, for instance, carries six extra 
cells on its outer surface at known 
points. The output of these cells 
varies continually as a result of 


of copper oxide which in turn is covered by a 
transparent metallic film. The completed 
photocell is then placed in a circuit containing 
at some point a galvanometer. Light passes 
through the transparent film where the atoms 
soon have more than their share of electrons. 
Now atoms that have less than their share of 
electrons attract the electrons of other 
atoms; since the atoms of the copper oxide 
are deficient in electrons they attract electrons 
from the atoms of the lead plate. But this 
process means that the atoms of the metallic 
film become ‘wealthier’ in electrons than the 
atoms of the lead plate, so electrons flow from 
the film, through the circuit, to the lead plate 
to even things up. In other words a small 
current has been produced. 


wafers of silicon forming ‘sandwiches’. The 
stlicon wafers converting the Sun’s rays into 
electrical energy provided five milliwatts of 
power for radio transmissions (a milliwatt 
1s one-thousandth of a watt). A second 
radio transmitter was operated by con- 
ventional mercury batteries producing ten 
milliwatts of power. 


Telstar 


On 10th July 1962 Telstar, fore- 
runner of a satellite system intended eventu- 
ally to make worldwide television trans- 
missions possible, was launched from Cape 
Canaveral on a Thor-Delta carrier rocket. 
A matter of hours later it relayed the first 
test transmission across the Atlantic from 
North America to Europe. No satellite is 
needed to relay normal radio transmissions 
across the Atlantic, for long, medium and 
short radio waves travelling away from the 
Earth are turned back towards the ground 
by layers of ionized gases in the upper 
atmosphere. Thus they reach their destina- 
tion by zig-zagging between the ground 
and the upper atmosphere. But the very 


the satellite’s rotation and makes 
it possible to calculate the angle 
between the satellite’s axis and the 
Sun. 

Solar cells are not the only form 
of power for space craft envisaged 
in the future. Some satellites have 
been powered purely by chemical 
batteries, while Transit 4A, launched 
29th June 1961 by a_ two-stage 
Thor-Able Star carrier rocket in ex- 
periments for the establishment of a 
global navigation system, carried a 
small nuclear reactor in addition to 
solar cells and chemical batteries. 
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short radio waves used for television trans- 
missions are different. They are not turned 
back to the Earth by the ionized gases but 
continue straight on out into space. This ts 
why television transmissions cannot be 
picked up below the visible horizon of the 
transmitter. Telstar does not alter these 
facts; it 1s simply a transmitter which is so 
high above the ground that it has an ex- 
tremely wide horizon—one which can 
include the transmitting station in eastern 
U.S.A. and the recewing stations in 
western Europe. Because the satellite is 
orbiting the Earth, its horizon is con- 
stantly changing. This is why trans- 
missions can only be made at certain times 
(when both sides of the Atlantic are within 
the satellite's horizon). Telstar 1s designed 
to pick up signals beamed from the ground 
(which will be faint by the time they reach 
it), amplify them 10,000,000,000 times 
and transmit them. Power is supplied by 
3,600 solar cells converting the Sun’s light 
into electrical energy. These are shielded 
Srom harmful radiation by quartz plates 60 
millimetres thick. 
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Tiros I 


On ist April 1960 a three-stage Thor- 
Able carrier rocket launched Tiros I into 
space. The objective was the testing of 
television equipment for a worldwide 
meteorological information system. The 
experiment was highly successful, for the 
two television cameras it contained sent 
back more than 22,000 cloud pictures to 
Earth during the satellite's useful life of 
78 days (it will actually stay in orbit for 
more than 50 years). The power required 
to operate the transmitter which sent the 


TIROS | 


pictures back to Earth was supplied by 
9,200 silicon cells on the surface of the 
satellite casing. The electrical energy thus 
obtained was stored in mickel-cadmium 
batteries. 


Pioneer V 


On the 11th March 1960 Pioneer V 
was launched from Cape Canaveral by a 
three-stage Thor-Able carrier rocket. This 
multi-purpose launch was designed to 
probe inter-planetary space between the 
orbits of the Earth and Venus, to conduct 
long-range communication experiments, to 
study methods of measuring astronomical 
distances and to collect data on various sub- 
jects such as cosmic radiation and micro- 
meteorite impact. Two transmitters sent 


PIONEER V 


information back to Earth and radio 
contact was maintained for 106 days when 
the satellite's distance from the Earth was 
over 22 million mules (the satellite is 
expected to orbit around the Sun for 100,000 
years). One way in which Ptoneer V 
differed from previous solar satellites was in 
the high power of its transmitters. The 
power supply came from 4,800 solar cells 
mounted on four paddle-shaped vanes 
charging 28 nickel-cadmium batteries. 
Pioneer V was thus able to transmit its 
signals with a power up to 150 watts (the 
transmitters of Pioneer IV had an output 
power of only 0.18 watts). 


MODEL OF 
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Ranger I 


Ranger I was launched on 23rd August 
1961 by an Atlas-Agena B carrier rocket. 


The main purpose of the launch was the 
testing of equipment for lunar and inter- 
planetary research. This included devices 
Jor directing the solar cells towards the 
Sun. The satellite's main power supply 
came from 8,680 solar cells mounted on two 
ten-square-foot solar panels and one silver- 
zine battery. The solar cells were designed 
to produce between 150 and 210 watts of 
electrical power. 


Explorer VI 


Explorer VI was launched from Cape 
Canaveral by a_ three-stage Thor-Able 
rocket on the 7th August 1959. The 
objectives included the measurement of 
radiation and micrometeorite impact. To 
non-scientific eyes the most striking feature 
of the satellite was the solar paddle system. 


MODEL OF 
EXPLORER VI 


Four paddle-shaped vanes made of sections 
of honeycomb plastic extended almost three 
Jeet from the payload’s aluminium skin and 
contained the tiny silicon-based solar cells, 
shielded from harmful ultra-violet rays by 
special glass ‘windows’. During launching 
the paddles, which were mounted on 
piwotal aluminium arms with springs at 
the point where they joined the satellite, 
rode folded downward, bird-like, under the 
payload. They sprang up and locked into 
place just before the third-stage ignition, 
after a plastic jacket covering the payload 
and third stage had been jettisoned. In 
flight the paddles were slightly cocked and 
thus exposed to maximum sunlight. Each 
paddle measured almost three square feet. 
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Making Permanent 


NE simple way of making a mag- 

net is to take a piece of metal 
which can be magnetized, such as 
iron, and stroke it with another mag- 
net (making sure that the strokes are 
all in the same direction). The reason 
that an ordinary piece of iron is not a 
magnet is that within it are small 
domains or areas of magnetism which 
behave like small magnets themselves. 
These are arranged in closed rings so 
that the north pole of one is neutra- 
lised by the adjacent south pole of 
another. All the stroking does is to 
drag the ‘small magnets’ into chains at 
the ends of which there will be mag- 
netic poles which are not neutralized. 

But it is difficult to imagine mag- 
nets being produced commercially in 
factories by hundreds of people strok- 
ing pieces of iron with other magnets. 
In any case, magnets made like this 
are not powerful. Fortunately, there 
is an easier way. When an electric 
current flows through a coil of wire 
it creates a magnetic field, and if a 
piece of iron is placed within this field 
the ‘small magnets’ inside it will be 
dragged into line, i.e. the piece of 
iron will become a magnet. 

Bar magnets can be magnetized by 
placing them for a short time in the 
air gap of a contact magnetizer. This 
consists of two soft-iron pillars bolted 
to a soft-iron base. The tops of the 
pillars carry pole pieces which can 
be adjusted to alter the size of the 
gap between them. Each pillar has a 
coil of wire wound round it. When 
a current passes through the coils 
magnetic lines of force are set up 


SPECIMEN 
LINES OF FORCE 


Diagram showing how magnetic lines of 
force pass through the iron and magnetize it. 


in the soft-iron pillars and the base. 
Placing the specimen in the air gap 
completes an easy path for the lines 
of force, nearly all of which are 
therefore concentrated in the speci- 
men, tending to line up its magnetic 
domains. Owing to their shape horse- 
shoe magnets pose a special problem. 
One way in which they can be 
magnetized is to have the coil of 
wire actually wound around them. 
Whether a magnet remains mag- 
netized or not when removed from 
the influence of the magnetic field 
(i.e. whether it is a temporary or per- 
manent magnet) depends upon the 
material of which it is made. Metals 
which can be easily magnetized, such 
as soft iron, lose their magnetism just 
as easily, while those which are more 
resistant to the influence of a mag- 
netic field, and thus more difficult to 
magnetize, retain their magnetism 
longer. All permanent magnets were 
once made of ‘martensic’ steels (steels 


Magnets 


x 


Portable-type ignitron magnetizer. 


which had been heated to a high tem- 
perature and then cooled rapidly, or 
‘quenched’ in water, and became very 
hard and brittle as a result). Steel 
magnets were improved by the addi- 
tion of small amounts of tungsten 
(or, because it is much cheaper, 
chromium). Then came the introduc- 
tion of various alloys, particularly 
those of iron-aluminium-nickel com- 
position, which have a higher resist- 
ance to demagnetization. 

Permanent magnets, despite their 
name, grow weaker or ‘age’ with time. 
But as a magnet grows weaker its 
magnetism approaches a steady level. 
So, when it is necessary for the 
strength of the magnet to remain 
constant (e.g. as in ammeters and 
voltmeters) the magnets are ‘aged’ 
before use. This may be done either 
naturally, by storing the magnet for 
a couple of years, or artificially, by 
heating it for an hour or so at a tem- 
perature of about 100°C. 
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HE current which flows through a 

copper wire (or any other conduc- 
tor of electricity) is proportional to the 
voltage between the ends of the wire. 
The voltage is the difference in elec- 
trical pressure which drives electrons 
along the wire. The current is the 
rate at which electrons flow. The 
greater the voltage, the greater is 
the current—this is what Ohm’s law 
states. But Ohm’s law does not apply 
to radio valves, for radio valves are 
not conductors in the ordinary sense. 

If we connect a battery to a radio 
valve so that the negative terminal 
is joined to the cathode and the posi- 
tive terminal is joined to the anode, 
a meter placed anywhere in the cir- 
cuit will show that provided the 
cathode is heated a current is flowing. 
When the battery is removed no 
current flows (diagram 7). The 
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heated cathode gives off electrons 
but they stay in a cloud (the space 
charge) around the cathode. Very 
few, if any, of the electrons reach 
the anode. The cloud of electrons 
swarming around the cathode repels 
newly released electrons (like charges 
repel each other) back to the cathode. 
So to all intents and purposes the 
valve is a break in the circuit. 

When the battery is replaced the 
cathode is made negative and the 
anode is made positive. In other 
words there is a voltage across the 
valve. If this voltage is small (diagram 
it) the meter shows that a small 
current is flowing. The positive anode 
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is attracting electrons from the outer- 
most parts of the space charge. Elec- 
trons actually move through the 
empty space between the cathode and 
the anode. 

When the voltage across the valve 
is increased by adding another bat- 
tery (diagram 711) the meter shows that 
the current flowing has been very 
much increased. The anode is now 
sufficiently positive to pull a great 
many electrons out of the space charge. 
The size of the space charge is there- 
fore reduced and it is therefore less 
effective in repelling electrons back 
into the cathode. When the anode volt- 
age is low the space charge limits the 


An experiment to show how the current flowing through a diode valve varies with the voltage of the anode. The voltage is increased in 
equal stages by adding on extra batteries one by one. 
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VALVE VOLTAGES 


number of electrons reaching the 
anode. 

When the voltage is increased again 
by adding a third battery (diagram 7v) 
the meter shows another big increase 
in current. Actually at this stage the 
increase in current is proportional to 
the increase in voltage so the valve is 
acting as a copper wire would act. 
Now the anode is attracting electrons 
from the cathode through the space 
charge and the repelling effect of the 
space charge is very small. 

Adding a fourth battery (diagram v) 
to increase the voltage produces 
another big increase in the current— 
but not quite as big as before. Now the 


The diagrams (viti to xiv) below show the experiment repeated using two filament batteries 


repelling effect of the space charge has 
been completely overcome. Adding a 
fifth battery (diagram vi) produces an 
unexpectedly small increase in cur- 
rent. This is because the reservoir of 
electrons in the space charge has been 
used up and now the electrons are 
pulled to the anode almost as fast as 
they are emitted by the cathode. 
Adding a sixth (and final) battery 
produces only a minute increase in the 
current (diagram viz). Again the 
electrons are attracted to the anode 
as fast as they are emitted. Since 
the rate at which the cathode emits 
electrons has nothing to do with the 
anode voltage the current is prac- 


to raise the temperature of the cathode. 
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tically the same as before. This con- 
dition is called saturation. It is almost 
impossible to achieve with an actual 
valve. 

The rate at which the cathode emits 
electrons is governed by its tempera- 
ture and the material from which it 
is made. By raising the temperature 
of the cathode it can be made to emit 
more electrons and so a greater cur- 
rent can be carried through the valve. 
The temperature of the cathode is 
raised by increasing the current flow- 
ing through its heater (filament). 
Diagrams v2i7 to xiv show the experi- 
ment repeated step by step as before. 
This time, however, the cathode is 
made much hotter than before. It 
emits electrons at a greater rate (i.e. 
more electrons per second) and conse- 
quently produces a much larger space 
charge than before. The current flow- 
ing with just one battery in the anode 
circuit is the same as it was in the first 
experiment. When the anode voltage 
is low the number of electrons reach- 
ing it is limited by the repelling effect 
of the space charge, and so the 
extra electrons given off from the 
hotter cathode do not contribute to 
any increase in the flow across the 
valve. 

The size of the current produced by 
a high anode voltage (a large number 
of batteries) is obviously greater in 
the second experiment. This is be- 
cause the space charge is much larger 
and forms a much bigger reservoir 
of electrons. 
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Results of the experiments plotted as graphs. 
Lower line represents first experiment; 
upper line represents second experiment 
where cathode temperature is high 
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| ATOMIC CHEMISTRY | 


VAGENGYC DEMONS TEATION 


HENEVER atoms merge with each other to form 

molecules they do not just assemble in groups, but 
always, in a certain type of molecule, the atoms will be 
present in certain numbers. How many of each type of 
atom is present depends upon the valency of the elements 
concerned. Hydrogen has a valency of one. In hydrogen 
chloride gas each hydrogen atom is combined with one 
chlorine atom. Because one chlorine atom will combine 
with one hydrogen atom we say that chlorine has a 
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Chlorine needs 
one more electron 


The inert gas argon 
has a complete 
outer shell of 

eight electrons 
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valency of one. The valency of an element is the number of 
hydrogen atoms that will combine with one atom of the 
element. The molecules of the gas methane consist of one 
atom of carbon and four atoms of hydrogen. Carbon then: 
has a valency of four. 

The inert gases are the only stable (i.e. unreactive) 
elements. The other elements which are unstable all wish 
to become like them. The inert gases owe their stability to 
the fact that all their layers or shells of electrons are 


VALENCY FOUR VALENCY THREE VALENCY TWO VALENCY ONE 
Sodium must lose 
one electron to 
become like an 


inert gas 


Aluminium must 
lose three electrons 
to become like an 
inert gas 


Carbon needs four 
more electrons 

to complete its 
outer shell 


Magnesium must 
lose two electrons 
to become like an 
inert gas 


These elements have incomplete outer shells of electrons which they complete by entering into chemical combination so that they become 
stable like the inert gases, e.g. argon. They either gain or lose electrons (electrovalent compounds) or share electrons with other elements 


(covalent compounds). 
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complete (having eight electrons in their outermost shells) 
except the small atom helium which has only one shell 
complete at two electrons. All other elements have in their 
outermost shells either too many electrons or too few. To 
make themselves stable like the inert gases they must 
either lose these extra electrons or gain the extra ones that 
they need. They manage to do this by entering into 
chemical combination. Atoms which have too many 
electrons are usually metals and can generally lose these 
electrons by giving them to a needy non-metal. This 
results in the formation of an electrovalent compound. Metals 
have too many electrons; non-metals have too few. A 
metal with one electron too many has a valency of one; 
so has a non-metal with one electron too few. The valency 
of an element is the number of electrons it needs to lose 
or gain to make it like an inert gas. The diagram shows the 
unwanted electrons as pegs and the missing electrons as 
holes in the atoms. To build up a molecule the right 
number of each type of atom must be selected so that 
there are no spare pegs or holes. 


HYDROGEN ATOM HELIUM ATOM HYDROGEN MOLECULE 


TWO HYDROGEN ATOMS SHARE 
ELECTRONS 
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Hydrogen has a valency of one. 


Each hydrogen atom has one electron orbiting its nucleus. 
To become stable it needs to have one more electron. With this 
electron its electron shell will be complete and will be the same 
as that of the inert gas helium. Hydrogen then needs two elec- 
trons in its electron shell. This it gets by sharing an electron from 
another atom. Two hydrogen atoms form covalent molecules by 
sharing their electrons with each other. 


VALENCY ONE 
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CHLORINE ATOM SODIUM ATOM 


Chlorine needs one electron to complete its outer shell. 
Sodium needs to lose its one electron, leaving the shell inside 
complete. Both have a valency of one. 


NaCl 


AgcCl 
SILVER CHLORIDE KCl SODIUM CHLORIDE 
POTASSIUM CHLORIDE 


Ag,0 
Ag,S SILVER OXIDE 


2" 
SILVER SULPHIDE 


~ PBC, CoCl, 
LEAD CHLORIDE COBALT CHLORIDE 


ZnCl, NiCl, 
ZINC CHLORIDE NICKEL CHLORIDE 


CHROMIUM CHLORIDE CHLORIDE 


VALENCY TWO 


OXYGEN ATOM MAGNESIUM ATOM 


Each oxygen atom needs two electrons to complete its outer 
shell, whereas magnesium needs to lose two electrons. Both 
these elements have a valency of two. 


MgO PbS CaO 
MAGNESIUM OXIDE CALCIUM OXIDE 
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MgCl SnS, 
MAGNESIUM CHLORIDE TIN SULPHIDE 
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FERRIC (IRON) SULPHIDE ALUMINIUM SULPHIDE 
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CARBON ATOM 
(A SILICON ATOM 
1S SIMILAR) 


Aluminium has a valency of three. It has three electrons too 
many to be in a stable state. It can lose these to three atoms 
of valency one, or two atoms of aluminium can provide 6 
electrons which can be given to three atoms of valency two 
as in the case of aluminium oxide. 


Carbon finds it difficult to gain or lose sufficient electrons to 
give it a complete outer shell. It prefers to share electrons 
with other atoms, and form covalent compounds. 
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ALUMINIUM OXIDE ALUMINIUM CHLORIDE THE COVALENT COMPOUND METHANE IS FORMED BY ONE CARBON 


AND FOUR HYDROGEN ATOMS SHARING ELECTRONS 


Carbon tetrachloride, a useful solvent for greasy stains, is a 
covalent compound. The. carbon atom (valency four) shares each 
of its four electrons with a needy chlorine atom. Each of the four 
chlorine atoms (valency one) shares its electron with the carbon. 
Both the carbon and the chlorine are now electronically satisfied. 
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DYNAMICS 


GRAVITATION 


FE, VERYONE knows that objects 

fall downwards (i.e. towards the 
centre of the Earth) when they are 
dropped. They are said to be pulled 
down by the “force of gravity’. 
Sir Isaac Newton is alleged to have 
“discovered” the force of gravity 
when he saw an apple fall to the 
ground (in some versions of what is in 
any case an improbable story, the 
apple fell on Newton as it travelled 
Earthwards). Actually the fact that 
the Earth tends to pull objects to it 
was already well known _ before 
Newton’s time. What Newton did 
“discover” was that the Earth is not 
unique in tending to pull objects to it. 
Every object tends to pull every other 
object to it. In other words there is 
a force of attraction between every 
pair of objects in the Universe. 
Whether the objects are invisible 
specks of matter or giant stars, the 
force of attraction between them 
always obeys the same law. This law, 
known as Newton’s law of gravitation, 
states that the force of attraction 
between two objects is directly pro- 
portional to the product of their 


SMALL 


masses (i.e. the masses multiplied 
together) and inversely proportional 
to the square of the distance between 
them (i.e. proportional to ggancesaisance 
The distance is measured between 
the centres of the objects. Suppose 
that gravitational attraction between 
two objects placed one inch apart 
is equal to a force of one pound 
weight. If the objects are moved so 
that they are two inches apart the 
force of attraction will be reduced to 
one-quarter of one pound weight. If 
the objects are placed ten inches apart 
the force of attraction will be only 
one-hundredth of one pound weight. 
In reality gravitation is a very small 
force, except when it is concerned 
with immense objects such as planets, 
and it is therefore difficult to measure 
by experiment. Just over one hundred 
years after Newton’s law of gravitation 
was published, Henry Cavendish did 
succeed in measuring the tiny force of 
attraction between two pairs of lead 
balls. Newton’s law of gravitation 
together with Cavendish’s numerical 
results make it possible to calculate 
the mass and average density of the 
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Specks of matter (upper picture) suspended in free 
space, will eventually be drawn together (lower 
picture) by the gravitational forces which they exert 
on each other. 


Earth. Cavendish’s figures must have 
been surprisingly accurate, for his 
calculation of the Earth’s density 
erred by only one per cent. Since 
then, many similar experiments have 
shown that masses attract each other 
with a force equal to about one fifteen- 
millionth of their masses (in grams) 
multiplied together, divided by the 
square of the distance between them 
(in centimetres). Suppose two ships, 
each of ten thousand tons, floated 
with their centres just over one hun- 
dred yards apart; according to this 
calculation, the force of attraction 
would be about equal to the weight of 
seven pennies. Gravitation is always 
a force of attraction, never a force of 
repulsion. In this respect it is very 
different from the forces in magnetism 
or electricity. But although no com- 
pletely acceptable explanation of this 
mysterious force has been put forward 
so far, its important effects are well 
known. It is worth remembering that 
gravitation holds the planets in their 
fixed orbits. 


A modern version of the apparatus with which Cavendish measured the attraction between masses. At 


the start of the experiment (top inset) the large spheres are set at right angles to the beam carrying the 
small spheres so that the attractions between the small spheres and each of the large spheres exactly 


cancel one another. When the large spheres are swung out of the perpendicular position (bottom inset) 
the attractions no longer cancel and the beam twists round slightly. The force of attraction between the 


LARGE 
froves: | pairs of spheres is equal to the torsion (resistance to twisting) of the fibre supporting the beam, and 
FQLNEW | hence can be calculated from the angle through which the beam moves. 
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HEAT PHYSICS 


OTH solids and liquids expand 
when they are heated. Liquids 
will expand more than solids (for a 
given rise in temperature). It is only 
to be expected that gases will also ex- 
pand when they are heated and have 
an even greater expansion than solids 
or liquids. But gases have no shape of 
their own and have to be enclosed 
within a container to stop them 
escaping. If the walls of the container 
are rigid the gas cannot possibly 
expand. The expansion can be noticed 
only if the container is ‘elastic’ or has 
a movable wall so that the gas can 
push it out to increase its volume. 
If a balloon which has not been 
! THERMOMETER 
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RUBBER 
TUBE 


(left) The water surrounding the bulb ts 
cold and therefore the volume of gas in the 
bulb is small. (right) The water-bath 1s 
warmer so the gas volume has increased. 
The open column is adjusted to keep the 
mercury levels the same. 


properly blown up is put in front of 
the fire to warm it will grow bigger as 
the air inside it expands, pushing out 
the rubber walls. This shows that the 
expansion is large, certainly large 
enough to be seen, but this experiment 
gives a very inaccurate picture of the 
real amount of expansion as_ the 
balloon is by no means perfectly 


elastic. Pressure tends to build up 
inside the balloon because the bal- 
loon’s walls cannot stretch sufficiently 
to completely accommodate the ex- 
panded air. 

The gas holder or gasometer pro- 
vides a better example of gases 
expanding. If no gas is entering or 
leaving the gasometer and the weather 
becomes warmer the gas will expand 
and the gasometer will rise. If the 
temperature were to rise only two 
degrees from 20°C. to 22°C. a gaso- 
meter which is 60 feet high would 
rise just over 5 inches. A rise in 
temperature of 5°C. would give a rise 
of just over a foot. 

When a gas is heated so that it 
expands freely without its pressure 
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The Montgolfier brothers’ balloon used hot 
air to make it rise. When a gas is heated 
at constant pressure its molecules spread 
out so a given volume of hot gas is lighter 
than the same volume of cold gas. 


increasing, the molecules of gas move 
further apart. A certain volume of 
gas will then contain less gas molecules 
and so will be lighter. The heated 
gas will be less dense than its cooler 
surroundings and consequently it will 
rise. For this reason hot gases from a 
burning fire rise up the chimney. The 
Montgolfier brothers in 1783 con- 
structed a balloon which used this 
feature of the upward movement of 
hot air in the construction of their 
balloon to make it rise. 
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The pressure on the oxygen is kept constant; when the temperature of the gas increases, 
its volume increases too. Under the same conditions all other gases behave in exactly the 
same way, expanding by exactly the same amount. 
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Professor Jacques Charles (1746—1823) performed experiments to 
find the exact relationship between the temperature and the volume 
of a gas. He deduced that if a certain mass of gas at 0°C. was heated, 
whilst keeping its pressure at a constant value, at 273°C. its volume 
would have doubled and at 546°C. it would have trebled. The apparatus 
used to prove this consisted of a bulb of dry air connected to a flexible 
tube, containing mercury, which was bent into a U-shape. This was a 
device for keeping the pressure constant during the experiment. 

If the pressure in the bulb was more than the pressure of the 
surroundings, then the mercury adjoining the bulb would be pushed 
down more than the mercury in the open arm. If the pressure inside 
the bulb was the same as the pressure on the open arm, then both 
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mercury levels would be the same. Throughout the experiment, the 
pressure inside the bulb was kept at the same value as the surroundings 
by moving the open arm up and down until the two mercury levels 
were at the same height. The bulb was heated in a water bath and at 
certain temperatures the volume of gas was noted. Different gases 
gave exactly the same results showing that all gases expand exactly 
the same, unlike solids and liquids which all expand differently. A 
graph plotting volume against temperature is a straight line. If the 
line is drawn longer it indicates that the gas would have no volume 
at —273°C. (This never happens because the gas always liquefies and 
solidifies well before this). For convenience a new scale of temperature, 
the absolute scale is used. 0° absolute is equivalent to —273° centi- 
grade (273°A. is equivalent to 0°C.) Add 273 to any centigrade reading 
to convert it to absolute. The absolute scale of temperature is used 
because, if the absolute temperature is doubled then the volume of 
the gas (at constant pressure) is also doubled and so on. This is 
Charles’ Law which states that if you keep the pressure of a fixed mass 
of gas constant then the volume varies directly with the absolute 
temperature. Charles’ law can be put in the form of an equation: 
a ee ~ where T, and V, are the starting temperature and volume 
1 2 

and T, and V, are the final temperature and volume. Providing the 
pressure of a gas is kept constant, its expansion or contraction with the 
change in temperature can be calculated easily by using this equation. 
All temperatures must be converted to degrees absolute. 


| FAMOUS SCIENTISTS | 


WILLIAM SMITH 


Father of English Geo 


OSSILS are the remains or traces 

of animals and plants which have 
been preserved in various ways, some- 
times for many, many. millions of 
years. They are not difficult to find— 
an afternoon’s search among the 
stones in your garden may well pro- 
duce some. More usually however, 
they are found embedded in rocks 
and have to be broken free with a 
hammer. William Smith (1769-1839), 
now known as the ‘Father of English 
Geology’ was one of the first to realize 
the value of fossils to the student of 
rocks. 

William Smith was by profession a 
surveyor. His daily work consisted of 
mapping estates and surveying routes 
for canals, especially in southern 
England where sedimentary rocks 
(i.e., rocks formed beneath water) 
containing a wide variety of fossils 
are well exposed. Since childhood, 
collecting fossils had been a hobby, 
not because he thought they were of 
any particular importance, but simply 
for their interest and attractiveness. 
But the collection which started with 
‘pound-stones’ and ‘pundibs’ (fossil 
sea urchins and brachipods) rapidly 
grew with visits to local quarries. 

In 1798, whilst examining his col- 
lection, he was struck by the thought 
that although certain fossils had been 
discovered in a number of groups of 
rocks, some were confined to a 
particular rock formation. He reas- 
oned that. it should therefore be 
possible to identify a particular rock 
formation wherever it was exposed 


The Wollaston Gold Medal, the highest 

honour the Geological Society of London 

could bestow, awarded to Smith in 1831 
for his services to geology. 
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William Smith examines fossils in his study. 


by the fossils it contained and thus 
trace formations across the country- 
side. Lower formations could be 
mapped in a similar way by observa- 
tions in quarries and cuttings. With 
the help of these he drew sections of 
the rocks as they would appear in a 
cross section of the countryside. 
William Smith’s first geological 
mapping was of the area around Bath, 
but in the year 1815 he published a 
geological map for England, Wales 
and the southern part of Scotland. 
His scheme for the classification of 
British rocks together with their 
characteristic fossils became the basis 
for all future work in that direction. 
The value of the idea of using fossils 
to identify and relate rock formations 


may be seen by the fact that within a 
few decades the great geological 
systems had been identified and a 
geological time scale established. This 
enabled geologists to determine the 
relative age of rock formations, i.e., 
their age in relation to each other. 
It is important to note that the 
geological time scale did not establish 
the actual age of the rocks but it did 
show that the Earth was much older 
than had previously been believed. 

It was the president of the Geologi- 
cal Society of London who, when 
presenting William Smith with the 
highest honour the society could 
bestow, in recognition of his valuable 
and painstaking work, named him 
the Father of English Geology. 
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| HYDROSTATICS 


DRIVING a car in thick fog is very difficult, but at 
least the driver has the road to guide him and can 
soon tell if he strays from it. But the pilot of an aircraft 
flying ‘blind’ through cloud has no visual reference to the 
ground or to the horizon whatsoever. In fact flying under 
such conditions would be impossible without instruments 
to indicate the altitude, speed, heading and attitude 
(position in relation to the horizontal) of the aircraft. 
One of the most important instruments in an aircraft 
is the altimeter, a kind of ‘clock’ which tells the pilot how 
high he is above sea level (or, if suitably adjusted, how 
high he is above a particular airport during his approach 
to land). Naturally it is very important to know the 
altitude of the aircraft during bad weather in order to 
clear obstacles such as mountains and aerial masts, but 
height can be of vital importance when an aircraft arrives 
at its destination. Nowadays, when many aircraft are 
airborne at the same time, airports sometimes become 
congested and there would be a great danger of collision 
if it were not for the Air Traffic Control Organisation 
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ALTIMETER READINGS 


2,400 FEET 


9,100 FEET 


12,300 FEET 


which instructs arriving planes to fly at certain intervals 
along airways, or at different altitudes in ‘holding stacks’. 
Hence the importance of an accurate altimeter. 

The altimeter is based upon the very simple fact that 
atmospheric pressure decreases with height above sea 
level. At sea level, with the whole weight of the atmos- 
phere above, normal atmospheric pressure is 14:7 pounds 
per square inch (i.e. the weight of the air above exerts a 
pressure of 14:7 pounds on every square inch of an object). 
But at a height of 18,000 feet the weight of air above is 
much less and atmospheric pressure there is only half that 
at sea level. 

A simple altimeter contains a thin resilient metal 
capsule which is almost exhausted of air and sealed (i.e. it 
contains a partial vacuum). There is a tendency for the 
capsule to collapse because the air pressure inside it is 
much less than the air pressure outside but the sides are 
held apart by a spring. If the capsule moves to a region 
where the air pressure is less (as when an aircraft climbs) 
the pressure on the sides of the capsule will decrease and 
the spring is thus able to move the sides of the capsule 
farther apart. If, on the other hand, the aircraft moves 
to a region of greater atmospheric pressure (as when it 
descends) the tendency for the capsule to collapse is 


greater and the spring has to allow the sides to move 
together slightly. The actual distance the sides of the 
capsule move apart or together depends upon the amount 
of decrease or increase in atmospheric pressure and this 
in turn depends, generally speaking, upon height. The 
movement is always small but a system of levers and gears 
magnifies it and causes pointers (like clock hands) to 
move around a dial marked in feet. 

The most modern altimeters work on the same principle 
but they have certain modifications. In the first place 
there are three pointers geared together like the second, 
minute and hour hands of a watch. The longest registers 
hundreds of feet, the next thousands of feet, and the 
shortest tens of thousands of feet. There is also more 
than one capsule or vacuum box (usually three) and these 
are corrugated to give greater strength and flexibility. 
These instruments are extremely accurate. 

Altimeters are calibrated against a master instrument 
which is itself calibrated on the basis of assumed conditions 
agreed upon by the International Civil Aviation Organ- 


SET ALTIMETER READS 
6,000 FEET. ACTUAL 
HEIGHT EQUALS 6,000 FI 


820 MB. Weer 


—_ 


H INDICATED. 


isation (I.C.A.O.). The unit of pressure used in aviation 
and by meteorologists throughout the world is the millibar, 
(A bar is a unit of atmospheric pressure equal to one 
million dynes per square centimetre. A millibar is one- 
thousandth of a bar.) I.C.A.O. assumes that the average 
mean sea level pressure will be 1013-2 millibars (equiva- 
lent to 14:7 pounds per square inch) and that for every 
rise of go feet it will drop by one millibar. Thus at 
3,000 feet the pressure will be 100 millibars less than the 
pressure at sea level, i.e. 913-2 millibars. 

This is where the altimeter runs into trouble. A glance 
at the daily weather maps will show that atmospheric 
pressure at sea level is far from being constant. It changes 
from place to place. And at any one place the pressure 
changes from day to day and even from hour to hour as 
can be seen by periodically checking the reading on a 
barometer. If an aircraft was parked at a airport (at sea 
level) when the pressure was actually 1013-2 millibars the 
altimeter would read zero feet. But on the following day 
the pressure might by only 993-2 millibars (i.e. 20 millibars 
less). This would correspond to a theoretical altitude 
change of 20 x go feet (since pressure decreases by one 
millibar for every rise of 30 feet). Hence the altimeter 
would read 600 feet even though the aircraft was actually 
still standing on the ground at sea level. This means that 
the altimeter of an aircraft flying over this spot would 
show an altitude of 650 feet when the plane was in fact 
only 50 feet above the ground. 

Naturally such a state of affairs cannot be allowed, and 
altimeters are in fact provided with a resetting device so 
that the instrument can be adjusted to give a true reading 
according to the number of millibars of pressure given by 
the Air Traffic Control or the meteorologist. Resetting is 
also of great importance for the safety of an aircraft 
moving from a region of high pressure to one of low 
pressure, for on such a flight the altimeter would gradually 
over-read more and more (i.e. indicate a greater altitude 
than it should) and in cloud or darkness the aircraft might 
(if the aircrew had not been briefed as to expected changes 
in atmospheric pressure) fly into a mountain. 
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Diagram to illustrate the danger of flying from a region of high pressure to one of low pressure without adjusting the altimeter. 
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NE of the many important and 
varied uses of electricity in 
industry is in electroplating. This is a 
process whereby a coating of metal 
can be put on to an object (usually a 
metal itself). It may be done for the 
sake of appearance, as in the case of 
teaspoons being plated with silver; 
or to ensure durability, as in the case 
of steel being coated with nickel to 
prevent rusting. In many cases the 
process serves both functions. 
Electroplating is based on the fact 
that liquids which will conduct elec- 
tricity are decomposed at the same 
time, a process known as electrolysis. 
A simple experiment to illustrate this 
is to attach one wire to the positive 
terminal of a battery and another 
wire to the negative terminal and 
place the loose ends (not touching) 
in a glass of water. A steady stream 
of bubbles will be seen to come from 
each wire. ‘These are bubbles of 
oxygen and hydrogen, the elements 
of which water is composed. The 
hydrogen bubbles will come from the 
cathode (the wire connected to the 


negative terminal of the battery) . 


while the oxygen bubbles will come 
from the anode (the wire attached to 
the positive terminal of the battery). 
Thus as an electric current passes 
between the. anode and cathode it 
breaks down the water into the two 
elements of which it is composed— 
hydrogen and oxygen. To make a 
success of this experiment a few drops 
of acid should be added to the water, 
for water by itself is a poor conductor 
of electricity and the effects of the 
decomposition would be hardly notice- 


ELECTROLYSIS 


Electrolysis is the chemical decomposi- 
tion of a substance by the action of an 
electric current. If an electric current 
is passed through water, for instance, 
the water is broken down into the two 
elements of which it is composed— 
hydrogen and oxygen. Any solution 
‘which conducts electricity can be de- 
composed in this manner. Thus electro- 
lysis may be used as a means of separating 
metals from their ores (if the ore is 
melted). The electrolysis of aluminium 
oxide, for instance, produces the pure 
metal aluminium and oxygen. This pro- 
cess can also be used to coat a metallic 
object with another metal as described 
in this article. 
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able unless a very strong battery was 
used. (Acid increases the ability of 
water to conduct electricity). 

Other liquids may be broken down 
or decomposed in the same way. If 
the ends of the two wires connected 
to the battery were to be placed in a 
solution of copper sulphate, the one 
connected to the negative terminal 
would become coated with a layer of 
copper. In the water experiment the 
bubbles of gas, after collecting on the 
anode and cathode, rise to the surface 
because hydrogen and oxygen are far 
lighter than water, but copper (or 
any metal for that matter) fits into the 
surface structure of the cathode and 
adheres to it. In copperplating the 
article which is to be coated is used as 
the cathode (i.e. it is connected to the 
negative terminal of an electrical 


supply) and thus becomes plated with 
copper. In practice the anode takes 
the form of a block of pure copper, for 
as the copper sulphate solution breaks 
down, the anode is dissolved and 
replaces the copper which has been 
deposited on the cathode. Thus the 
strength of the solution is maintained 
until the copper anode has completely 
dissolved. 

The solution does not need to be a 
compound of the metal to start with. 
It could be an acid. Sulphuric acid, 
for instance, would gradually dis- 
solve the pure copper anode and thus 
produce a solution of copper sulphate. 

Metal objects can be silverplated 
in a similar way. The article, say a 
teaspoon, is used as the cathode and a 
block of pure silver as the anode. 
The two are then placed in a solution 


i 


cyanide. As an electric current flows 
through the solution the teaspoon 
receives a coating of silver while the 
block of silver forming the anode 
dissolves. By the use of suitable 
solutions electroplating can be carried 
out with many metals such as gold, 
nickel and chromium. 

Electroplating in practice is natur- 
ally more complex than the process 
described. For instance, the size of 
the current must be very carefully 
controlled since this is a critical factor 
in the deposition of metal on the 
cathode. The vat containing the 
solution must be lined, usually with 
sheets of glass, to prevent the current 
taking a short-cut through it. More 
than one anode may be suspended in 
the solution and usually many articles 
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of silver nitrate or silver potassium 


(i.e. cathodes) are plated at the same 
time. The sb of time needed for 
plating may vary from a few minutes 
to well over an hour and depends 
largely upon the thickness and quality 
of plating required. 

Some of the problems connected 
with electroplating may be seen in the 
case of plating steel with chromium. 
Although the chromium gives a tar- 
nish-free finish it does not adhere well 
to the steel and, moreover, allows 
moisture to pass through it with the 
result that it is eventually stripped off. 
To overcome this the steel may be 
first coated with copper which pro- 
vides the adhesion and then with a 
layer of nickel for protection against 
corrosion and finally with chromium 
for a tarnish-free finish. 

Electrotyping, a process very similar 


q The ‘roundabout’, 


a bath containing a 
solution of copper sulphate in which moulds 
of printing plates are electroplated with a 
thin coating of copper. 


to electroplating, is employed for 
making the engraved copper plates 
which are used in some printing 
processes. An impression of the re- 
quired plate is first made in plastic 
and covered with some substance 
which will conduct electricity, such as 


OXYGEN . 
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HYDROGEN 
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When an electric current is passed through 
acidified water, hydrogen is set free at the 
cathode and oxygen at the anode. As 
shown, twice as much hydrogen is col- 
lected, because a molecule of water 
contains two atoms of hydrogen and one 
of oxygen. 


PURE COPPER 
ANODE 
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When a piece of copper (joined to the posi- 
tive terminal) and a metal object (joined to 
the negative terminal) are placed in a solu- 
tion of copper sulphate a thin coating of 
pure copper is deposited on the latter. 


graphite or silver. The plastic mould 


is then connected to the negative 
terminal of an electrical supply and 
placed in a solution of copper sulphate 
along with a block or sheet of copper 
which is connected to the positive 
terminal. A film of copper is deposited 
on the plastic. When the mould is 
removed a copper plate remains with 
the desired impression on it. 
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HE sea floor is the least explored 
part of the Earth’s surface. Yet 
even our present-day knowledge 
shows that it is a region of great con- 
trasts, stretching from the seashore to 
the great depths, a region where there 
are giant mountain ranges, deep 
chasms and vast plateaux. Just as 
there are many different types of soils 
on land, so the sea floor in some places 
is sandy, in others muddy, gravelly or 
rocky, and over large areas it is 
covered with the chalky or sandy 
shells of tiny animals or with red clay. 
Only in shallow parts of the sea do the 
Sun’s rays reach it. In slightly deeper 
parts there is a dim twilight, while 
below this permanent darkness reigns ; 
a world of silence where conditions 
hardly vary. A world where the 
temperature remains at about 3°C. 
throughout the year and which is 
disturbed only by the slow-moving 
deep ocean currents. A world where 
the enormous pressure, produced by 
the great weight of water above, 
would crush any creature not adapted 
to withstand it. All the forms of life 
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which inhabit the sea floor are col- 
lectively called benthos. Generally the 
deeper below the sea surface the sea 
floor is, the fewer the numbers of 
living things. The seaweed-infested 
coastal areas are often richest in 
animal life, particularly at the edge 
of the continental shelf (the gently 
sloping area below the sea shore) at a 
depth of about 100 fathoms. 

The dark, silent and almost un- 
varying conditions of the deeps may 
be contrasted with the margins of the 
sea floor, the seashore, where the 
animals have very special problems. 
They are covered and uncovered by 
the rhythmical comings and goings of 
high and low tides. At high tide they 
are immersed in salty water and may 
be subjected to the full force of the 
breaking waves. At low tide they may 
have to contend with a covering of 
fresh rain-water, or the scorching hot 
sun of a summer’s day (the seashore 
will be described in a later article). 

The sea floor presents a great 
range of places to live (habitats), each 
presenting its own problems to the 
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animals. The animals of each habitat 
are beautifully adapted for life there. 
For example, much of the sea floor 
is covered with soft, semi-fluid mud, 
and many of the animals have stalks 
which hold their bodies up above the 
mud. This prevents them from sink- 
ing into it and from being suffocated. 
Such are some stalked sea lilies and 
sponges with long spines sunk into the 
bottom. One curious fish, the Tripod 
fish, has three enormously long fins on 
which it is able to hop about. 

Some parts of the sea floor, particu- 
larly where the bottom is rocky, may 
appear like a beautiful underwater 
“garden” with “forests” of plant-like 
corals and sponges or patches of 
flower like sea anemones. In other 
parts of the sea floor there appears to 
be very little life indeed, but below 
the surface may be found hundreds 
of burrowing creatures. This is parti- 
cularly so on sandy or muddy bottoms 
where a great variety of burrowing 
worms, molluscs and crabs are found. 

On the same deposits in different 
parts of the ocean very similar animal 
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A selection of animals from each of the types of bottom shown in the diagram. This shows 
the distribution of surface-dwelling and burrowing animals. There are many intermediate 
bottoms between these four types. Gravel may be muddy, and mud and sand are often 


mixed together. 


communities will be found, each con- 
taining the same groups of animals 
and usually each community will be 
dominated by one particular kind of 


A previous article (The Pastures of the Sea) 
described how the surface waters of the 
oceans teem with minute floating and drifting 
life, the plankton. As members of the plankton 
die their remains sink towards the sea floor, 
falling on it as a continuous rain and forming 
a thin layer of material. Near the surface 
many diatoms and single-celled animals (proto- 
zoans) live, together with multitudes of 
bacteria which are breaking down the dead 
remains. There is thus a rich supply of small 
food particles for the benthos, the greater 
part of which (the particle feeders) feeds on 
it while the larger flesh-eating (carnivorous) 
creatures, and also many fishes, devour the 
particle feeders. 

The particle feeders are of two main kinds, 
those that trap the material as it is falling, or 
in other words eat the suspended particies, 
(the suspension feeders), and those that feed on 
the fallen material or detritus (the detritus 
feeders). These may even consume the sand 
or mud as well in a similar way to the earth- 
worm eating soil. 

On rocky or stony bottoms little detritus 
can remain for it is removed by the scouring 
action of waves and currents. Most of the 
animals will be suspension feeders. Sponges, 


animal whose name it bears. Thus 
shallow mud is often dominated by 
the cockle Cardium and shallow sand 
by another bivalve Tellina. 


for example, are like vase-shaped sieves. A 
water current carrying suspended food par- 
ticles is drawn in through the walls of the vase, 
food material is trapped by special cells and 
the strained water leaves through the opening 
at the top of the vase. Hydra-like creatures 
(or hydroids) feed on small animals and plants 
as well as on dead material. Similarly some sea 
anemones trap food with their tentacle 
plumes. Sea fans and some other related types 
consist of branching colonies. The bulk of 
each colony is the branched, limestone 
skeleton, in which the tiny hydra-like polyps 
are placed at intervals in cup-like depres- 
sions. Many hundreds of polyps may be 
present in one colony, and when they all 
spread out their tentacles like many upturned 
umbrellas they can catch considerable quanti- 
ties of the falling remains of the plankton. 
Sea pens, relatives of the sea fans, grow in 
sand or mud, the main part of each colony 
being held above the sea floor on a stalk. 
Many of the bivalve molluscs are suspension 
feeders. Their breathing organs (gills) act as 
sieving devices. They are covered with short 
hair-like structures called cilia, which, in 
beating, draw a current of water containing 
food particles in through the opening between 
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the two halves of the shell and pass the food, 
which is caught up in a sticky slime (mucus), 
to the mouth. 

Mussels (rocky bottom forms), oysters and 
scallops (gravel and sand) and burrowing 
forms, such as razor shells, some clams and 
cockles (found in mud or sand) all feed in this 
way. Many of these and other bivalves occur 
in incredible numbers over large areas of the 
sea bed. All are busy straining the tiny food 
particles from the water so that each year 
many tons of food are consumed and much of 
it is built up into the flesh of the bivalves upon 
which many of the fishes depend for their food. 


To a large extent, therefore, the fish popula- 
tion depends on the extraordinary efficiency 
of the bivalves to ‘‘extract” food particles from 
the water. 

Lamp shells, sea squirts, tube-building 
worms and barnacles and many other crusta- 
ceans also feed on suspended food particles. 
Lamp shells have a two-valved shell. Around 
the mouth is a coiled crown of tentacles and 
these are covered by cilia which beat and draw 
a water current to the mouth. 

Many worms build themselves tubes of sand 
grains, mud shells or even hardened mucus. 
Some have long, feathery, tentacles which open 
out like the petals of a flower when the worm 
projects from its tube. Cilia on the tentacles 
draw a water current towards the mouth and 
food and other particles may be guided there 
in special grooves. The grooves are so 
arranged that only the small food particles 
pass to the mouth and larger particles are 
either rejected or passed to build the tube. 

Some of the tube-building worms are also 
deposit feeders. The water current draws the 
already settled food particles towards the 
mouth. Many bristle worms burrow through 
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the sand or mud, eating their way from one 
place to another and, like earthworms, passing 
both earth and food through their gut where 
the food is digested. 

Some worms such as Arenicola, the lugworm, 
construct U-shaped burrows. 

Sea cucumbers, heart urchins, acorn worms, 
many bivalves, brittle stars and snail-like 
molluscs are also detritus feeders. The bur- 
rowing bivalves are of great interest. 
Whereas the shell is kept below the surface 
the tubes (siphons), carrying a water current 
over and away from the body, project above 
the surface. The inhalant siphon is often very 
long and searches the sea floor like the hose 
ofa miniature vacuum cleaner, drawing in food 
particles which are passed to the mouth. 

The carnivores feed on the detritus and 
on the suspension feeders. They compete very 
successfully with the fishes for food. Examples 
are the starfishes, many kinds of bristle worms, 
sea anemones, molluscs and crustaceans, 
including shrimps and prawns. 

The sea anemones often trap animals such 
as shrimps, or even fishes, swimming near 
their tentacles. Bristle worms such as the 
sea mouse, Aphrodite, turn their mouths inside 
out as they shoot them at prey. The prey are 


gripped with powerful teeth and dragged into 
the mouth as it is turned in the right way 
again. Whelks, such as Buccinum, are voracious 
feeders. Like all snail-like molluscs they have 
a rasp-like tongue or radula which is armed 
with sharp, horny teeth. The radula is flexible, 
like the blade of a band saw, and is even able 
to file through the shells of other molluscs. 

Most sea slugs feed on hydra-like animals, 
sea anemones and sometimes sponges. A few 
feed on seaweeds and are beautifully camou- 
flaged to blend with their surroundings—their 
body surfaces often being drawn out into 
seaweed-like outgrowths. These of course 
are found only in fairly shallow water for the 
seaweeds on which they feed only grow 
where they receive enough light for photo- 
synthesis. 

Perhaps the main competitors with the 
fishes for food are the starfishes. The under- 
sides of their arms are covered with rows of 
hollow tube feet. These may be applied as 
suckers to the valves of a bivalve shell. By 
slow, continual pressure the valves are 
eventually parted when the muscles holding 
them together become tired. The starfish is 


then able to turn its stomach inside-out over 
the soft flesh of the animal and slowly digests 
it. Starfishes also eat small crabs and other 
crustaceans, worms, — snail-like molluscs 
(gastropods) and other animals, and often 
cause damage to oyster culture beds. 

Crabs, lobsters, shrimps and prawns are also 
carnivorous. They feed on smaller crustaceans, 
worms, and young fish, and some on small 
bivalves. 

On the sea floor there is tremendous com- 
petition between the inhabitants of each part, 
for food, for places to live and so on. Froma 
commercial point of view the competition of 
the invertebrate carnivores with the fishes is 
of considerable importance. Calculations 
suggest that nearly all the food that one would 
expect to be available to fishes is in fact 
consumed by invertebrate carnivores. Perhaps 
in future, methods will be devised of reducing 
the effect of the latter and so increase the 
supply of food available to the fishes, though of 
course some carnivorous fishes themselves 
feed on carnivorous invertebrates so that 
destroying the latter might well reduce the 
numbers of these fishes. 

The type of bottom deposit is probably the 
most important factor affecting the distribu- 


1. A carnivore. Starfishes use their tube feet as suckers to pull 
the shells of bivalves apart in order to expose the flesh of the bivalve. 
2. A suspension feeder. 
particles with its crown of tentacles. 3. A detritus feeder. 
Tellina 7s a burrowing mollusc. Its inhalant siphon (see text) 1s 
long and ‘sucks’ in particles which have settled on the sea floor. 


This tubeworm collects suspended 


tion of the benthos. Mussels, like limpets, need 
to hold firmly onto rock. They attach them- 
selves by long sticky threads called the byssus. 
Others'can live in sand for they would suffocate 
in mud. One startling fact that has emerged 
recently is that the planktonic larvae of some 
bottom-dwelling animals are able to delay 
their development (when they reach a certain 
age), if they arrive at a part of the sea floor 
which is unsuitable: so they wait until they 
reach a suitable position. 

But the temperature and salinity (saltness) 
of the water may also be important. The 
oyster requires fairly warm water for spawn- 
ing (about 17—18°C.) but whereas the adult 
can live quite happily at lower temperatures 
the spawn will die. Low temperatures may 
also delay reproduction and slow down the 
development of the young. The longer their 
development is slowed down the greater 
chance they have of falling victim to predators. 
Salinity is fairly constant over the whole of 
the sea floor. It is only important as a factor 
in shallow water, where the tides and the 
outflow of fresh water from rivers may have 
an effect. 
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In this diode valve electrons emitted by the 
hot cathode are attracted to the positively 
charged anode. 


ANODE 


NEGATIVELY 
CHARGED PLATE 
SHIELDS ANODE 
FROM ELECTRONS 


TO GRID 


TO 
CATHODE 


A third 
cathode and the anode repels electrons 
when it is negatively charged. 


electrode inserted between the 
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If the third electrode in an open wire ‘grid’ 
some electrons can pass through it on their 
way to the anode. 


The Valve with the Third Electrode 


HE diode, the valve described in 
previous articles in this series, 
has two electrodes —the cathode 
which emits electrons, and the anode 
(or ‘plate’) which collects electrons. 
Electrons flow in a steady stream 
across the empty space between the 
cathode and the anode, provided that 
the anode is positively charged. An 
inventor named Lee De Forest work- 
ing in the United States hit upon the 
brilliant idea of inserting an open 
spiral of wire between the cathode 
and the anode. He reasoned that 
electrons should pass easily through 
the spiral (or grid as it is called) when 
it is uncharged, but electrons should 
be repelled by the grid when it is 
negatively charged. Since electrons 
must. pass through the grid in order 
to reach the anode, the number of 
electrons collected by the anode 
should be drastically reduced when 
the grid is given a negative charge. 
The valve which he invented is called 
the triode because it has three electrodes. 
If the grid is given a_ positive 
charge it can draw electrons from the 
electron cloud (space charge) around 
the cathode. These electrons ‘over- 
shoot’ the grid, passing right through 
it (since the turns in the spiral are 


widely spaced), and thus add to the 
number of electrons collected by the 
anode. In other words the pull of the 
anode is augmented by the pull of 
the grid. The grid is able to draw 
electrons from the space charge, even 
though it has only a small positive 
charge, simply because it is near to 
the cathode. 

The flow of electrons from the 
cathode to the anode is called the 
anode current. Since the strength of 
the anode current is greatly affected 
by the “‘positiveness” or ‘‘negative- 
ness”’ of the grid, this electrode is often 
called the control grid. Its importance 
lies in the fact that a small variation 
in the charge on the grid results in a 
large variation in the anode current. 
The charges on the grid are put there 
by a difference of electrical ‘pressure’ 
(i.e., voltage) between the grid and 
the cathode. A circuit containing a 
battery can be connected (outside the 
valve, of course) to the grid to provide 
this voltage. If the voltage between the 
grid and the cathode varies, the anode 
current will vary in time with it, but to 
a much greater extent. This is the 
basis of amplification, the chief function 
of valves. (The diode valve cannot 
amplify because it has no grid.) 


GRID GIVEN 
A LARGE 
NEGATIVE CHARGE 


When the grid ts given a large negative 
charge it repels most of the electrons back 
to the cathode. 


The Parts of a Triode Valve 
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ODAY with the majority of the 

world’s population concentrated 
in towns and cities a major problem 
is the hygienic disposal of waste 
matter from such communities. ‘These 
wastes are rubbish, either in the form 
of refuse and garbage destined for the 
dustbins or the waste waters from 
toilets, kitchen sinks, baths, and not 
forgetting liquid wastes from industry. 
A related problem is the continual 
maintenance of supplies to these 
communities of large amounts of food- 
stuffs and fresh clean water. (These 
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scattered and often polluted. Plagues 
were common, because diseases were 
spread by vermin infesting the decay- 
ing rubbish dumps and by water-borne 
bacteria. The Industrial Revolution, 
which commenced about 1760, rapidly 
aggravated the situation. Factories 
required water for a variety of pur- 
poses and then discharged it, contain- 
ing waste, back into the streams. 
Pollution killed fish and other water 
life and rendered the water down- 
stream unfit for use. 

Parliament introduced legislation 


In the Middle Ages sanitary conditions were bad. Waste was thrown into the streets and 
latrines emptied into the cellars of the houses, often not far from supplies of drinking water. 


will be discussed in future articles). 
Waste disposal is dealt with in most 
countries in a similar manner. Today 
in Gt. Britain an abundant supply of 
safe water, ample food, and the dis- 
posal of waste is taken very much for 
granted. Even as recent as a century 
ago the situation was very different. 
Ditches alongside the streets were 
open sewers, water supplies were 


in the nineteenth century, and from 
time to time since, whereby great 
improvements have been enforced in 
sanitary conditions. Further improve- 
ments are envisaged by the introduc- 
tion of even wider powers to this end 
in the Public Health Act 1961. These 
tasks are generally attended to by the 
Local Authority and are paid for 
primarily out of the rates. 


AERATION TANK 


ACTIVATED SLUDGE 
PLANT 


TOWNS HEALTHY 


Refuse Disposal and Street Clean- 
sing 

Rubbish placed in dustbins is col- 
lected at frequent intervals by Refuse 
Collection Vehicles. These take the 
material to special yards where metal, 
tins, bottles and other salvageable 
material is removed. The residue 
may be barged out to sea and 
dumped, burned in large incinerators, 
turned into fertilizer by composting, or 
used to fill old quarries or low-lying 
ground by controlled tipping. Controlled 
necessarily to prevent the breeding of 
flies, crickets, rats and other vermin, 
by regular covering and sealing with 
soil each day. 

Cleansing Departments are also 
responsible for the regular cleaning of 
streets. Dirt and dust carry germs and, 
if wind blown, could contaminate 
food. Street gulleys, placed to lead 
rainfall run-off quickly into the drains 
and prevent flooding (always a source 
of danger to health), also serve the 
function of intercepting gritand leaves. 
They must be regularly cleaned both 
to ensure free flow and to prevent the 
accumulation of material likely to be 
a breeding ground for disease-carrying 
organisms. 


Sewage Purification and Disposal 


Sewage is the waste matter from 
toilets, from kitchen sinks, baths and 
from industry. All the drains connect 


with larger drains or sewers in the 


street and these in turn link with 
trunk sewers to convey the liquid by 
gravity or by pumping to the sewage 
works. The system of pipes is known 
as the Sewerage System, the liquid it 
conveys is called sewage. At one time 
surface water, the rainfall collected by 
roofs and paved areas, was combined 
with these waters in the foul or soil 
sewers, but generally today it is con- 


“7 


w 
> 


7 is 
‘ SCREEN: 
Sie 


sidered better to have a separate 
system of drains for foul and surface 
waters. 

Sewage is usually screened on ar- 
rival at the works, and is then passed 
through some device to permit grit to 
be settled out and removed, since this 
could cause costly wear of pumps and 
valves. The next stage is some form of 
settling tank where suspended solids are 
allowed to fall to the bottom for 
separate removal as sludge; the upper 
more liquid layers pass on to a unit 
where bacteria are able to break down 
solids by oxidation. This may be a 
percolating filter or an activated sludge 
plant; in either case the liquid is 
brought into intimate contact with 
atmospheric oxygen and the right 
types of bacteria and other organisms. 
In the filter the liquid forms a film 
passing over stone, clinker, or coke, 
and thus presents a large surface area 
in contact with air from which oxygen 
is dissolved; in the activated sludge 
system air is introduced to the tank of 
liquid in fine bubbles or by some 
stirring device. The main purpose is 
to allow harmless aerobic bacteria 
(those that need free oxygen) to break 
down the larger molecules and oxidize 
them to morestable, smaller molecules. 
Protein particles (and other nitrogen- 
containing molecules) are reduced to 
simple ammonium compounds from 
which other bacteria produce nitrites 
which are eventually oxidized to 
nitrates. 

After a time in further settling tanks 
the effluent, or purified water, is fed 
back into the nearby river. 

The solids (in the form of slurries or 
sludges) which have been removed 


are treated in a different way. This 
time utilizing anaerobic bacteria (that 
need no free oxygen) in special 
digesters which decompose the organic 
matter in the sludges producing a gas 
methane, CH,, which is utilized as a 
fuel to produce much of the power 
required for the purification pro- 
cesses. Following digestion the sludge 
is more readily drained and dried. 
The dried material is usually used by 
agriculture as a soil conditioner and 
as a fertilizer. (In a future “Tech- 
nology’ article there will be a more 
detailed discussion of sewage puri- 
fication). 


HEALTH SERVICES 


The Health authorities provide a wide variety of 
services and checks in addition to those described. 
Hospitals, clinics, and emergency vaccination centres 
are all staffed by highly skilled doctors and nurses. 
Together with this, in Britain, the National Health 
Service provides a national system of doctors, dentists, 
health visitors, midwives and so on, all of whom make 
a tremendous contribution to health and welfare. 
Whereas in the main they are concerned with curing 
diseases (and not only those caused by germs), the 
Public Health authorities’ objective is to prevent them 
or to control their spread. Building Inspectors ensure 
that standards of housing are maintained and improved, 
proper drainage and ventilation provided. * Public 
Health Inspectors ensure that preparation of food, 
slaughtering, milk bottling, and cooking in restaurants 
is clean and hygienic. Food sold in the shops is checked 
and samples sent to the Public Analyst for confirmation. 
Pest control officers keep down disease-spreading 
vermin. Chemists and Engineers are employed to keep 
the purification services running efficiently 365 days of 
the year while others staff the water works to maintain 
the essential clean water. All these and many other 
services provided by local and national government 
contribute to the enormous task of keeping the towns, 
and the country areas too, healthy and safe to live in. 


Today there is a highly organized system of 
sewage disposal. Waste from the tovlets, 
and from gutters, sinks, etc., may be piped 
together to the sewage works or separately 
in which case the surface water (from 
gutters) is piped straight into a river. 
(The sludge disposal plant is not shown 
in this diagram.) 


ATOMIC CHEMISTRY 


SOLUTIONS 


LIQUID with other substances 
dissolved in it is called a solution. 
Such mixtures are of great importance 
in the living world. For example the 
digested foods of human beings and 
other animals are carried in the form 
of solutions to all cells. Mineral salts 
occur as solutions in the soil and enter 
the roots of plants as solutions, pass- 
ing to the farthest branches and 
leaves. 
-If a little sugar is added to water 
it gradually disappears from the 
bottom—this occurs more loo Me if 


In a solution the molecules of dissolved 

substance are distributed evenly throughout 

the solution whereas in a suspension they 
are not. 


atacar dissolves in water. It is 


impossible to see the glucose ir 


the mixture is stirred. Microscopic 
examination will not show any traces 
of sugar, but if the liquid is tasted it 
will be found to be sweet. The sugar 
has dissolved in the water, forming a 
solution. In doing so the molecules in 
the sugar crystals have separated 
from one another and become inde- 
pendent and evenly distributed 
throughout the water. A solution is 
a mixture which is homogeneous (which 
means identical throughout the 
whole) and, no matter how long this 
homogeneous mixture is left, its con- 
stituents will never separate. Solutions 
are always clear, although they may 
be coloured if the dissolved substance 
has a colour. The liquid (in this case 
water) which does the dissolving is 
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called the solvent, and the substance 
dissolved is called the solute. 

Water is also able to hold sub- 
stances in suspension. The solid material 
in a suspension is not broken down 
into individual molecules—the par- 
ticles are very much bigger. They 
make the water cloudy, whereas the 
particles in a solution are invisible, 
and in time the materials in suspen- 
sion will settle out to the bottom. 
They can also be removed by suffici- 
ently fine filters. Dissolved substances 
remain in solution indefinitely and 
cannot be filtered out. If chalk 
powder is shaken with water a milky 
suspension is formed. The particles 
are spread throughout the liquid but 
are not dissolved, for they will settle to 
the bottom in time. Some medicines 
are suspensions and we are told to 
shake the bottle before use. If a 
suspension of muddy or chalky water 


Esslutions will pass a a0 
filter whereas solid particles 


is poured through a fine filter, the 
water molecules pass through the 
pores of the filter, but the bigger 
suspended particles remain behind. 
This process is called filtration. The 
liquid coming through the filter is 
called the filtrate and the solids held 
back are called residues. 

Substances in solution must be 
removed in other ways. On many 
occasions water as pure as possible 
is needed particularly in chemical 
analysis. Tap water would not do. 
It is not pure in a scientific sense, for 
it contains dissolved substances. Such 
water is evaporated and the steam is 
condensed by cooling. This process is 
known as distillation and the product 
is called distilled water. The dissolved 


Ice qetned by the sea’s freezing over 15 NOL 
salty and melts to give quite drinkable 
water. Pure water has a higher freezing 
point than salty water therefore pure te 
freezes out in preference to salty ie. 


substances are left behind when the 
water is evaporated and so are separ- 


ated from it. In Nature, water 
evaporating from the oceans leaves 
the salts behind. Clouds are formed 
eventually and, later, rain may fall. 
Rain is ‘fairly pure’ water apart from 
gases of the air dissolved in it. 
Another of Nature’s ways of removing 
dissolved substances is by the forma- 
tion of ice. When a solution of salt 
freezes, for example, ice crystals 
separate, leaving the dissolved sub- 
stances behind in the unfrozen water. 
Eskimos who live where there is no 
fresh water are able to melt the ice 
formed from salt water to obtain 
water free from salt. 

It is difficult to prepare absolutely 
pure water. Even distilled water is not 
perfectly pure for it even dissolves 
minute amounts of glass from its 
container which can prove a nuisance 
in the most delicate chemical re- 
search. It also contains dissolved 
gases from the air. Water is the com- 
monest solvent. It is the ‘best mixer’ 
and indeed has been called the 
universal solvent because so many 
substances dissolve in it—some very 
readily. Even the so-called insoluble 


substances such as glass or chalk or 
sand dissolve in very minute amounts 
which are undetectable except by the 
most sensitive experiments. A solution 
of a substance in water is called an 
aqueous solution. 

There is a limit to the amount of a 
substance which can be dissolved in a 
given quantity of water. If a small 
amount of common salt is added to 


The solubility of gases increases 
with pressure. When the pressure 
is released the gas escapes; here 
carbon dioxide is escaping now 
that the cork has been removed 


from the bottle of lemonade. 


water and stirred, salt solution is 
formed. Further quantities can be 
dissolved, but eventually a stage is 
reached when no more salt will go 
into solution. The solution is then said 
to be saturated. If the water is heated, 
more salt will dissolve, but this extra 
amount will be thrown out of solution 
(i.e., 1t will crystallize) on cooling 
to the original temperature. Generally 
speaking the solubility of a solid in- 
creases as the temperature increases, 
Only a certain amount of solid can be 
held in a given amount of water at 
any given temperature. Solubility is 
usually defined as the weight (grams) 
of solute (dissolved substance) re- 
quired to saturate 100 grams of water 
at a particular temperature. 


A plant cell immersed in water swells 
because the cell sap is rich in sugar and salts. 
Its lining of protoplasm allows water to pass 
in, but prevents sugar from passing out. 
In strong salt solution the cell shrinks as its 
water passes out. 


In addition to solids dissolving in 
water, liquids and gases will form 
solutions also. Some gases, like am- 
monia, are extremely soluble in water. 
Ammonia gas forms ammonia solu- 
tion used in the laboratory and the 
household (where it is known as 
“household ammonia’’). Unlike sol- 
ids, gases are more soluble in cold 
water than in hot water. Air can be 
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shown to be soluble by raising the 
temperature of water when bubbles 
of air are driven out of solution. 
Dissolved atmospheric oxygen is res- 
ponsible for the rusting of iron, and 
it also is of great biological import- 
ance. Fish and other water creatures 
depend upon the presence of dissolved 
oxygen in water. They extract the 
oxygen in order to live and when they 
have used up all the dissolved oxygen 
they will die—they cannot obtain the 
combined oxygen in water molecules 
by splitting up water. Hot water holds 
less oxygen than cold water, and so a 
fish bowl has to be changed more 
often in summer than in winter. 

Gases under pressure dissolve more 
readily in water. Carbon dioxide is 
only slightly soluble in water, but if 
the gas is under pressure more will 
dissolve. When the pressure is re- 
leased, the extra gas dissolved will 
bubble out of solution. ‘Mineral 
waters” and soda water contains 
carbon dioxide dissolved under pres- 
sure. 


Water is by far the best solvent known and will dissolve more sub- 
stances than any other liquid. It is itself inorganic (is not a carbon 
compound) and is a good solvent for other inorganic materials, but 
it will not dissolve oily and greasy substances which are organic com- 
pounds (compounds of carbon). To dissolve organic compounds, a 
compound which is itself organic is needed, so liquids like carbon 
tetrachloride or petrol are used to dissolve them. Benzene will dissolve 
} rubber, and alcohol will dissolve many substances—like iodine and 
j shellac for varnishes. Amyl acetate, which smells like pear drops, will 
dissolve cellulose and is used for making lacquers and nail varnishes. 
Turpentine dissolves paint and is used for diluting it or for removing 


The solvent can be recovered from a solution by distillation. Here water is being recovered 
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OPTICS 


Defects of Lenses 


HE most serious defect interfering 
with the proper working of a lens 

is called chromatic aberration. If light 
were all of one type chromatic 
(colour) aberration would not arise. 
But white light is a mixture of all the 
colours in the rainbow, which when 
they pass through a lens all become 
individualists, taking slightly different 


UNCORRECTE 
LENS BRINGS 


LIGHT TOA 
DIFFERENT 


ONE FOCUS 
FOR BOTH RED 


routes. This is because the bending 
(refraction) is caused by the slowing 
down of the light as it enters the glass, 
and this in turn depends upon the 
wavelength (distance from crest to 
crest measured along the wave) of the 
light. Red light has a longer wave- 
length than light of any other colour 
and is bent less than light of any other 
colour. Red rays passing through a 
simple convex lens come to a focus 
slightly farther from the lens than the 
focus of the violet rays. Rays of other 
colours come to foci in between. The 
lens has many foci instead of just one, 
and instead of just one sharp image 
it forms a series of overlapping images 
of different colours. 

Lenses used in optical instruments 
such as telescopes and cameras have 
to be corrected for chromatic aberra- 
tion. A corrected lens is called an 
achromat. A typical achromat is made 
by combining a convex crown glass 
lens with a weaker concave flint glass 
lens. Crown glass contains lime and 
potash, flint glass contains lead and 
potash. The two components are 
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glued together with a transparent 
cement such as Canada balsam. The 
convex lens converges the light rays 
but disperses their colours; the con- 
cave lens, while spreading the light 
slightly, recombines the colours so 
that the red rays and the blue rays 
follow the same path. A similar cor- 
rection can be obtained by mounting 


Chromatic aberration. The uncorrected lens 

splits the light into its components, giving 

an image which 1s fringed with colour. 

The achromat, a compound lens, corrects 
this defect. 


two separate thin convex lenses a 
suitable distance apart. 

Spherical aberration is due to rays 
passing through the edge of a lens 
coming to a different focus from rays* 
passing through the centre. A lens 
suffering from this defect has a series 
of foci and forms a series of over- 
lapping images instead of a sharp 
single image. 

The easiest method of overcoming 
spherical aberration is to avoid using 
the outermost parts of the lens. Many 
of the lenses used in cameras are just 
the central portions of much larger 


lenses. Alternatively a stop may be 
placed in front or behind a lens to 
cut off the outer rays. A stop is a 
screen with a hole in its centre. In 
some cases the size of the stop is 
variable, like the pupil of the eye. 
Cutting out the rays which hit the 
edge of the lens does not alter the 
size of the image but it does make the 
image less bright. In cases where the 
brightness of the image is important 
spherical aberration has to be over- 
come with the use of a stop. The best 
method is to replace the single lens 
by two (or more) separate lenses so 
that the bending of light rays is 
shared in easy stages between them. 
When the surfaces of a lens are 
curved more in one direction than 
another (i.e., they are not entirely 
spherical), a defect known as astigma- 
tusm arises. It frequently occurs in the 
lens of the eye where it can be 
corrected by the use of spectacles. 
An eye suffering from this defect 
might be able to see vertical lines 
clearly while horizontal lines on the 
same object might appear blurred. 


ELECTRICITY | 


Extracting molten aluminium from the furnaces (cells) where it has been obtained by the electrolysis of alumina. Later the aluminium 
ts collected in holding furnaces and then cast into ingots. 


ALUMINIUM 
and ELECTROLYSIS 


LECTROLYSIS is the chemical 

decomposition of a substance by the 
passage of an electric current through 
it. When an electric current passes 
through water, for instance, the water 
is broken down into the two elements 
of which it is composed—hydrogen 
and oxygen. The fact that any 
solution which carries a current breaks 
down in the process is used in the 
extraction of certain metals from their 
ores. Aluminium, for example, can 
be separated from its ore, aluminium 
oxide, in this way. The passage of an 
electriccurrent through the aluminium 
oxide breaks it down into aluminium 
and oxygen, just as water is broken 
down into hydrogen and oxygen. 

Electrolysis would be of little value 
if the separated parts of a solution 
stayed exactly where they were liber- 
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ated, rather like a mixture of sugar 
and salt. But they do not. When an 
electric current passes through water, 
hydrogen moves to the wire or elec- 
trode which is connected to the nega- 
tive terminal of the electrical supply 
(the cathode), while oxygen moves to 
the positive electrode (the anode). In 
a similar way, when electrolysis takes 
place in aluminium oxide, the alu- 
minium released moves to the cathode 
(when it can be collected), while the 
oxygen moves to the anode. This is 
the simple theory behind the refining 
of metals such as aluminium, though 
the actual process is naturally more 
complicated in practice. 


The Production of Aluminium 


Aluminium is a very abundant 
metal, making up almost one-tenth 


of the Earth’s crust. As the oxide, 
alumina, aluminium is widely distri- 
buted in many silicate rocks and clays, 
but not in sufficient quantities for 
extraction to be economical. The 
chief source of the metal is bauxite, 
an ore with a very high alumina con- 
tent (e.g. over 60%). 

Bauxite compositions may vary 
widely according to locality but con- 
sist mainly of impure alumina, usually 
hydrated (combined with water) and 
containing iron oxides and silica as 
the main impurities. The first stage 
in the extraction is the purification 
of bauxite to produce a pure alumina 
from which the metal may be ob- 
tained directly, in a reasonable degree 
of purity, by electrolysis. The crushed 
ore is first washed (to remove clay 
and other foreign matter) and dried, 
and then further pulverised and di- 
gested under steam pressure with hot 
caustic soda (sodium hydroxide). 
During this process the aluminium 
oxide in the bauxite is ‘dissolved’, and 
soluble sodium aluminate is formed. 
Other impurities in the ore, such as 
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The sequence of obtaining aluminium. (Left to right) Mining Batts ore (1) 
soda in steam pressure tanks (3), the precipitation tanks where aluminium hydroxide i is formed (a calcination in drums to produce 


ener the ore (2), dissolving bauxite in hot caustic” 


alumina (5); and (below right) diagram of a furnace where the aluminium is formed by electrolysis. 


iron and titanium, are not dissolved 
and can be removed by filtering the 
solution. 

The sodium aluminate in solution 
is pumped into tall ‘precipitation’ 
tanks where the hot liquid is gradu- 
ally cooled. Precipitation is a method 
of taking out the dissolved solids from 
a solution. Hot liquids will usually 
allow more of a substance to be dis- 
solved in them than when they are 
cold. If a hot solution is saturated (i.e. 
has as much dissolved substance in 
it as it will take), and if it is then 
cooled, it has less ability to hold the 
substance in solution. The excess sub- 
stance which can no longer be dis- 
solved is therefore precipitated out as 
a solid. This is basically what is 
happening to the sodium aluminate 
in the cooling tanks. There is how- 
ever one difference, because a ‘seed’ 
of aluminium hydroxide is placed in 
the tanks and this hastens precipita- 
tion. The solid crystals which form 
from the solution are of aluminium 
hydroxide. 

The next step is to convert this 
hydroxide into alumina (aluminium 
oxide). The crystals of aluminium 
hydroxide are heated in long revolv- 
ing drums. The aim is to drive off the 
water which remains in the crystals, 
a process known as calcination. The 
result is a white powder, alumina. 

The final major stage in the pro- 
duction of aluminium, the extraction 
of the aluminium from the aluminium 
oxide by electrolysis, is the most ex- 
pensive, since it is an electrical pro- 
cess, demanding large supplies of 
power. For this reason plant refining 
this metal is usually situated where 
electricity can be obtained fairly 
cheaply (e.g. at Kitimat in Canada, 
based on the nearby Kemano hydro- 
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electric power station). The alumina 
is placed in small ‘furnaces’ or baths 
(there may be as many as 1,500 of 
these in the plant) together with 
molten cryolite. Cryolite is another 
chemical compound of aluminium, 
though not so common as bauxite. 
When cryolite is molten, alumina 
will dissolve in it just as salt dissolves 
in water. The solution of alumina 
in molten cryolite will allow a current 
of electricity to pass through it. 
The ‘furnace’ is really a form of 
electrical cell, a steel bath with a 
carbon lining to act as a cathode (nega- 
tive plate) and other carbon blocks 
in contact with the liquid to form 
anodes (the positive connection). A 
strong current is passed through the 
mixture at about 6 volts and this 
produces the action known as electro- 
lysis, splitting up the substances elec- 
trically. The passage of current 
through the mixture creates great 
heat, keeping the temperature at 
about 1,000°C. Molten aluminium is 
deposited at the cathode at the 
bottom of the furnace and is drawn 
off from time to time. The oxygen 
which is liberated during electrolysis 
rises to come in contact with the red- 
hot carbon anodes, to form carbon 
monoxide. This gas burns at the sur- 
face to form carbon dioxide which is 
led away as fumes. Although in 
theory only the alumina is used up 
during the process, in fact a certain 
amount of cryolite is also involved 
and has to be replaced. The amount 
of electricity consumed is enormous. 
One could burn a two-bar electric 
fire for 1,000 hours on the same 
quantity of electricity as is used to 
produce a single ton of aluminium. 
Aluminium is light and _ fairly 
strong, particularly when alloyed 


with other metals. It is used in making 
aircraft equipment, kitchen utensils 
and for many kinds of transport and 
other engineering machinery. The 
use of aluminium in the superstruc- 
ture of the liner Oriana, for instance, 
produced such a saving in weight, 
compared with steel, that it allowed 
an extra deck to be incorporated. 
Aluminium is a good conductor of 
electricity when in a pure form and 
for this reason is often employed in 
overhead wiring (usually around a 
steel core). Because it does not rust, 
aluminium has been found useful in 
the building industry for roofs, win- 
dow frames and many other fittings. 
The metals sodium, potassium, cal- 
cium, strontium, barium, cadmium, 
chromium, zinc and magnesium can 
all be separated from their ores in- 
dustrially by electrolysis. Crude cop- 
per, tin, nickel and cobalt can be 
purified by electrolysis. In each case 
the metal is attracted to the negative 
cathode and deposited there. 


INORGANIC CHEMISTRY 


Sulphur and its Compounds 


HE chief use of sulphur is in the 

manufacture of sulphuric acid 
which has enormous industrial im- 
portance. Sulphur is also used to 
dust hops and vines to kill off fungi 
which are parasitic and feed on these 
plants. Natural rubber is not very 
hard and resistant to wear. To make 
it suitable for use as car tyres it is 
vulcanized—a hardening treatment 
involving the use of sulphur. Sulphur 
is also used in the manufacture of 
gunpowder, match heads, and many 
drugs. 

Sulphur is found near active or 
extinct volcanoes. In all regions where 
sulphur is found there has at some 
time been volcanic activity. Sulphur 
is a mild antiseptic and this yellow 
solid has been mined for centuries for 
its medicinal properties. It occurs 
naturally as the element sulphur in 
the volcanic regions of Italy and 
Sicily where it is found in a rocky 
earth, a mixture of sulphur, lime- 
stone and a mineral called gypsum. 

Sulphur is one of the few elements 
that will burn readily. It burns with 
a pale blue flame and a choking 
nasty smell which is characteristic of 
sulphur dioxide, the gas formed as 
the result of the burning. 

The age-old method of extracting 


under the name of roll sulphur. The 
solid lumps can also be purified by 
heating the sulphur without allowing 
it to catch fire and then collecting 
and cooling the sulphur gas which 
comes off. The impurities are left 
behind and the sulphur is now a 
yellow powder which is sold as flowers 
of sulphur. Enormous sulphur deposits 
have been discovered in Louisiana 
and Texas. In Louisiana the sulphur, 
which is almost pure, lies beneath a 
soggy layer of quicksand which is 
saturated with poisonous gases. This 
layer makes it impossible to mine the 
sulphur in the traditional manner. It 
is therefore extracted by the Frasch 
process. Water is heated under pres- 


(Above) Crystals of 
monoclinic sulphur. 
(Right) Crystal of 
rhombic sulphur. 
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the sulphur from the Earth is still 
used today, with certain modifica- 
tions to make the process more 
efficient. A large heap of crude sul- 
phur is built up on sloping ground 
and then set alight. The heat given 
out by the burning sulphur is suf- 
ficient to melt more sulphur which 
runs out of the fire and _ solidifies 
further down the slope. This wasteful 
process can burn as much as one- 
third of the sulphur. The solid lumps 
of sulphur can be broken up and sold 
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Liquid sulphur which has been extracted by» 
the Frasch process is being poured into large 
cooling vats to soltdify. 
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sure to well over its normal boiling 
point so that its temperature rises to 
between 170 and 180 degrees centi- 
grade. Still under pressure, it is 
forced down a pipe to melt the sul- 
phur. Hot compressed air, too, is 
forced down to mingle with the mol- 
ten sulphur and push it up through 
a third pipe to the surface where it 
emerges as a froth. The froth solidi- 
fies in large vats. This sulphur is over 
95% pure and for most purposes needs 
no further purification. For con- 
venience, so that there need be only 
one borehole down to the sulphur, 
the three pipes are arranged one 
inside the other with the hot-air pipe 
in the middle and the hot-water pipe 
on the outside surrounding the exit 
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pipe and keeping it warm (so that 
the sulphur is kept molten). 

Most substances will form only one 
type of crystal, but sulphur will form 
several types. Because it can have 
several different crystalline forms it 
is said to be allotropic. At room tem- 
perature the rhombic-shaped sulphur 
crystals are stable and all other types 
of sulphur crystal will gradually 
change into the rhombic variety. 
Crystals of rhombic sulphur can be 
grown by dissolving some powdered 
roll sulphur in carbon disulphide 
(a strong smelling and inflammable 
liquid), filtering and allowing the 
solution to evaporate. The other well- 
known allotrope of sulphur is pris- 
matic (or monoclinic) sulphur, so called 
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The colour changes when sulphur 
is heated are interesting. Cold sulphur 
is a lemon-yellow solid. It melts to 
a thin clear amber-coloured liquid 
which darkens to a thick brown liquid 
which blackens and becomes more 
runny on further heating before it 
changes into a reddish-brown vapour. 

Of the many compounds which 
contain sulphur, sulphuric acid is 
probably the best known. It has 
valuable uses in industry. The sul- 
phates are salts derived from sulphuric 
acid. The sulphate which occurs most 
commonly in Nature is calcium sul- 
phate, gypsum. Plaster of Paris is 
calcium sulphate and is made by 
heating gypsum to drive off the water 
attached to its molecules. Most cells 
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The solid sulphur is being broken into pieces and loaded onto a conveyor belt ready for transportation. This sulphur is almost pure. 


because of its needle-like crystals. It 
can be made by melting sulphur and 
letting it cool until a crust forms on 
top. The crust is then punctured and 
the remaining liquid is poured away, 
leaving the needles of prismatic sul- 
phur inside attached to the crust. 
These needles gradually change into 
rhombic sulphur. Another interesting 
form of sulphur is plastic sulphur, a 
stretchy elastic-like substance which 
can be made by pouring boiling sul- 
phur into cold water. Because it 
hardens after a few hours, its elasti- 
city cannot be put to any use. 


q Jn Sicily crystalline flowers of sulphur are 


deposited by steam issuing from the ground. 


of plants and animals contain a trace 
of sulphur in their proteins. Garlic 
and horseradish owe their strong 
taste to their sulphur compounds. 
When an egg goes bad a very un- 
pleasant smell is given off. This is 
due to the gas hydrogen sulphide 
produced by the decaying protein. 
This gas has great use in the labora- 
tory in analysis and so is in constant 
production there, often giving the 
laboratory a nasty smell. 

Sulphur dioxide, the gas formed by 
the burning of sulphur, is used as a 
bleach for delicate materials. Its 
smell is none too sweet either. The 
whole range of sulphonamide drugs 
are compounds containing sulphur. 
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The effect of the grid on the electrons flowing to the anode of a 
triode valve is rather like the effect of a hurdle on a flock of sheep 
in a narrow lane. A slight movement of the hurdle one way lets 
through a lot more sheep; a slight movement the other way reduces 
the number of sheep passing through the gap. Similarly a slight 
reduction in the negative charge on the grid lets through a lot more 
electrons; a slight increase in the negative charge on the grid re- 
duces the number of electrons reaching the anode. 


The Triode 


ECAUSE the grid of a triode 

valve is close to the cathode (the 
source of electrons) it has a very great 
effect upon the current passing 
through the valve (called the anode 
current). If the grid is given a big 
negative charge it repels electrons 
back to the cathode and no current 
flows through the valve. The import- 
ant thing to remember about the 


ANODE CURRENT 


X=LEAD TO POSITIVE OF HIGH TENSION BATTERY 


Valve as an Amplifier 


grid is that a small change in its 
‘positiveness’ or ‘negativeness’ can 
produce a big change in the anode 
current. The ‘positiveness’ or ‘nega- 
tiveness’ of the grid is usually re- 
ferred to as its voltage. Quite a small 
voltage making the grid negative can 
cut the anode current by half. The 
same reduction in anode current could 
be brought about by drastically reduc- 
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ing the voltage of the anode (which 
must have a certain ‘positiveness’ or no 
current will flow through the valve). 

Any given change in the anode 
current needs either a large change 
in the anode voltage or a small change 
in the grid voltage: the ratio of these 
two changes in voltage (change in 
anode voltage/change in grid voltage) 
is called the amplification factor. 
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Suppose that the triode is to be 
used for amplifying the tiny voltage 
delivered by a microphone. When 
sound waves fall on a microphone 
they cause a diaphragm to vibrate. 
The voltage delivered by the micro- 
phone fluctuates in time with the 
vibrations of the diaphragm, and in 
most cases it is an alternating voltage. 
In other words each outlet terminal 
of the microphone is alternately posi- 
tive and then negative. The alter- 
nating voltage could be fed onto the 
grid of the triode to make it alter- 
nately positive and then negative. 
The alternating voltage of the grid 
would produce big fluctuations in the 
anode current (since the current 
flowing through a valve cannot 
change its direction it cannot be 
called an alternating current even 
though it may fluctuate in a regular 
manner). 

Unfortunately this scheme in which 
the grid is alternately positive and 
negative does not work well in prac- 
tice. The grid must not be allowed 
to become positive. For one thing a 
positive grid acts like an anode and 
collects electrons so that a current 


flows in the grid circuit. This ‘grid 
current’ represents a waste of elec- 
trical energy. Secondly, the fluctua- 
tions in the anode current would be 
very distorted, i.e. they would not 
be a faithful replica of the alter- 
nating voltage supplied by the micro- 
phone. To see why this is so, take a 
look at the graph (below) which 
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shows how the anode current varies 
with the grid voltage. When the grid 
is positive and when it is uncharged 
the graph is curved. But a section 
of the graph where the grid is nega- 
tive is practically a straight line. 
This means that changes in the anode 
current are directly proportional to 


changes in the (negative) grid volt- 
age. So in order to achieve amplifica- 
tion without distortion it is necessary 
to keep to the linear (straight) por- 
tion of the graph. This is done by con- 
necting a grid bias battery to give the 
grid a steady negative charge. The 
alternating voltage from the micro- 
phone is superimposed on the steady 
voltage of the bias battery so that 
although the combined voltage varies 
(in time with the vibrations of the 
diaphragm in the microphone) it 
never reverses. For example the volt- 
age from the microphone during one- 
thousandth of a second might be 0, 
+i, +3, ="; OF dg er ye eo 
volts. If this alternating voltage was 
superimposed on a steady voltage of 
—6 volts from a grid bias battery the 
combined voltage during the same 
period would be —6, —5, —3, —5, 
—6, —7, —9, —7, —6 volts. So 
although the combined voltage is 
always negative it shows exactly the 
same variations as the alternating 
voltage from the microphone. If this 
combined voltage was fed to the grid 
in a triode it would control the flow 
of electrons passing between cathode 


Diagrams below and on previous page show how voltage variations from microphone affect the current flowing through a triode valve. 
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Y=LEAD TO NEGATIVE OF HIGH TENSION BATTERY 
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ANODE CURRENT 


and anode in such a way that the 
resulting anode current fluctuated in 
exactly the same manner. The actual 
values of the anode current may be 
quite small (a few thousandths of an 
amp). When it flows through a high 
resistance (called the load) in the 
anode circuit it produces a consider- 
able voltage (much greater than the 
grid voltage) between the ends of the 
load. From Ohm’s law the voltage 
between the ends of the load is equal 
to the current multiplied by the re- 
sistance of the load. If the resistance 
is high the voltage will be high even 
though the current is small. The 
battery in the anode circuit alone 
supplies the energy needed to pull 
electrons across the valve and hence 
increase or amplification of voltage 
is obtained at the expense of this 
battery. The grid circuit does not 
contribute any energy. 
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NOTE: THE ANODE CURRENT 
NEVER FALLS TO ZERO OR 
REVERSES 


ANODE CURRENT 


ZERO 


NOTE: THE VOLTAGE 
APPLIED TO THE GRID 
NEVER REACHES 
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SALINITY § 


pe is common knowledge that sea 

water is salty or saline but the 
actual amount of salts it contains is 
quite surprising; for every thousand 
pounds of sea water there are, on the 
average, 35 pounds of salts (the sali- 
nity is expressed as 35%po, i.e. thirty- 
five parts per thousand. It is often 
thought that the salts in sea water 
are simply sodium chloride, or com- 
mon salt, but the table on this page 
which indicates the average propor- 
tions of the salts in sea water shows 
that although sodium chloride is the 
most abundant salt it is by no means 
the only one. The relative propor- 
tions of these dissolved salts as shown 


in the table remain practically the 
same everywhere despite variations 
in the total salinity of the water. 

It is quite probable that every 
natural element is to be found in sea 
water, though most are only present 
in exceedingly small quantities. Many 
of them, such as copper, lead, nickel 
and cobalt, have been detected only 
indirectly by their presence in marine 
plants and animals. Despite the ex- 
tremely small proportions of most 
elements in sea water, the oceans are 
so vast (almost 340 million cubic 
miles) that they form a natural 
treasure-chest of valuable minerals. 
It has been estimated, for instance, 


Salinity Distribution 


The salinity of ocean waters varies from place to place (within fairly narrow limits) and 
depends upon two major factors: the amount of ‘fresh’ water added by rivers and rainfall, 
and the rate of evaporation from the surface of the sea. The Arctic Ocean is the least saline 
of the oceans (as low as 20%). This is partly due to the large supply of fresh water from 
rivers and melting ice and partly to the small rate of surface evaporation owing to the 
extremely low temperatures. 

The areas of greatest salinity might be thought to be in equatorial regions, but this is not 
the case, for although temperatures here are high, surface evaporation is low, owing to 
the high humidity of the air (i.e. the air already contains so much water vapour that it can 
hold little more), while large supplies of fresh water come from a heavy rainfall and some 
of the world’s greatest rivers. The most saline oceanic waters are, in fact, to be found to 
the north and south of the equatorial region in the Trade-wind belts (20°-30° North and 
South). The Trades are drying winds. Throughout the year they blow towards the equator 
and in moving from cooler to warmer latitudes they are gradually warmed and tend to pick 
up moisture rather than shed it. This has a double effect. Not only does it mean a high rate 
of evaporation from the surface of the sea but also desert conditions on land and hence no 
great rivers in these latitudes to carry supplies of fresh water to the oceans. 

The salinity of partially enclosed seas exceeds the normal oceanic salinity range in both 
directions. On the one hand there are regions such as the Mediterranean (salinity 37-40%), 
Red Sea (salinity 37-41%.) and Persian Gulf (salinity 37-38%.) where salinity is extremely 
high owing to a high rate of surface evaporation and small supply of fresh water. On the 
celia hand there are regions such as the Baltic (salinity 2-15.) and Black Sea (salinity 17- 
20%.) where the salinity is very low due to a small rate of surface evaporation (particularly 
in the case of the Baltic) and an immense supply of fresh water (relative to their volumes). 
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that there are over 13 million tons of 
silver dissolved in the sea. But no one 
is going to get rich quickly by ex- 
tracting it; one and a half thousand 
gallons of sea water would yield just 
one grain of silver. 

It would seem as though the salts 
of the ocean have been derived from 
the land. Water has the ability to 
dissolve most things. This is because 
it reduces the electrical forces hold- 
ing together the particles which form 
solid substances. Day by day streams 
and rivers carry mud and pebbles 
from the land to the sea. But they 
also carry dissolved substances, min- 
eral salts which the water has dis- 
solved from the rocks over which it 
has passed. When water is evaporated 
from the surface of the sea by the 
heat of the Sun these mineral salts 
are left behind. The water vapour 
may eventually fall on the land again 
as rain, find its way into the nearest 
river and dissolve more mineral salts 
on its way back to the sea. Since this 
process has been going on for many, 
many millions of years, it might be 
thought that the salinity of the sea has 
gradually increased to the present 
level. In fact, an attempt was once 
made to estimate the age of the 
Earth based on the assumption of a 
steadily increased salinity, though the 
figure initially achieved—100,000,000 
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Device for collecting samples of water from 
a given depth. When the container is at the 
desired depth a metal weight is sent down 
the wire and upon contact triggers off a 
mechanism which closes the container. 


years—was far too low. There are, 
however, factors which complicate 
this simple idea. In the first place 
there is the possibility that the oceans 
were saline from the very first. 
Secondly, much of the salt now 
carried to the sea is derived from 
sedimentary rocks in which it was 
stored when they were being laid 
down beneath the sea. One piece of 
evidence suggesting that rivers have 
not played a major role in the salinity 
of the oceans is that the proportions 
of the various salts of river water and 
sea water are different. For instance, 
80% of the salts of river water are 
carbonates, but this group accounts 
for only 0-2% of the salts of sea water. 
But this has been explained by the 
fact that sea organisms are constantly 
using calcium carbonate to build 
their shells or other types of skeletons. 


Lowering a water-sampling bottle. 


| PHYSIOLOGY | 


Typically in vertebrates (e.g. fishes) the 
striped muscles are arranged in a series of 
blocks on either side of the backbone. The 
bulk of the muscles are body muscles. 
However, in the higher vertebrates (par- 
ticularly birds and mammals) the limb 
muscles provide movement so that the 
role of the body muscles is reduced. In 
shark-like fishes forward movement is 
produced by contraction of the muscle 
fibres which are arranged lengthwise in 
each block. If the fibres in any one block 
contract the result is a bending of the body. 
To produce forward movement fibres in 
each muscle block contract in one block 
after another from the front of the fish to 
the rear so that waves pass backwards 
down the body, producing a backward 
thrust on the water. The waves occur alter- 
nately on each side of the fish. Rapid pro- 
duction of these can produce very fast 
movement through the water. The tail fin 
produces much of the forward motion and, 
with the pectoral fins, keeps the fish at the 
same level in the water. 

When a wave passes down one side of 
the body only, the fish is able to make very 
sharp turns. In bony fishes movement of 
the paired fins (they have small muscles to 
move them) may also enable the fish to 
turn and they may also assist braking. 

In nearly all four-footed animals (tetra- 
pods) each limb has three main joints. 
These are the shoulder, elbow and wrist 
in the forelimbs, and the hip, knee and 
ankle in the hind limbs. The muscles are 
so arranged that the limbs can be moved 
backwards and forwards by the muscles 
between them and the shoulder and hip 
girdle. They can also be bent and extended 
by their own muscles and twisted or ro- 
tated, movements which are often very 
important for the exact placing of the 
limbs in walking and running. 

The salamander, when swimming, wrig- 
gles its body in a similar manner to fishes. 
When it walks on land the legs hold the 
body off the ground and are used as levers 
moved by the muscles. Frogs have long 
hind legs which provide for increased lever- 
age in jumping. 

In lizards there is less bending of the body 
than in salamanders. The head is also held 
high off the ground. But in most respects 
the method of locomotion is very similar. 
The legs are thrown out to the side as the 
animal moves forward. This contrasts with 
movement in most mammals where the 
limbs are held under the body and moved 
straight forward. 

Most snakes crawl by moving the body in 
a series of side-to-side curves, much as a 
fish does. In the same way that the back of 
each curve in the fish’s body pushes against 
the water, so the back of each curve in the 
snake’s body pushes against the ground, 
and so moves the snake forward. This can 
be shown by placing a snake on ground 
which has a light covering of sand. The sand 
is thrown into a series of piles, each pile 
marking the backward push of a curve of 
the body. The scales on the underside of 
the snake’s body aid the snake in moving. 
Each has a muscle which can erect it and so 
help to prevent the snake from sliding 
backwards. 
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OST animals go out to look for 

their food, expending a large 
amount of energy in doing so. Even 
animals which are fixed and do not 
move about (e.g. coral polyps) have 
active mechanisms for obtaining food. 
A cheetah runs its prey down after 
a short, fast chase; an earthworm eats 
its way laboriously through the soil 
—even the cumbersome hippopota- 
mus, which may consume a quarter 
of a ton of grass in a night, often has 
to cover many acres to obtain his 
food. Vertebrates (backboned ani- 


mals), and many invertebrates too, 
move about by the action of their 
muscles. These burn up food, releasing 
energy in the process, and produce 
movement of the limbs, or other 
parts of the body, when they con- 
tract (shorten). 

We tend to think of muscles only 
in these terms, as organs that en- 
able us to move from place to place 
or to lift or throw objects. In fact 
much of the energy unlocked when 
a muscle contracts is liberated as heat. 
This is particularly important in the 


warm-blooded animals, birds and 
mammals, for their high body tem- 
perature is largely produced as a 
result of the action of the muscles. 
Muscles do not only produce move- 
ment. Some fix or hold parts of the 
body in place, giving an animal its 
posture, acting as ties. Furthermore 
heart muscle moves the blood round 
the body; muscle in the walls of the 
blood vessels helps to control the 
supply of blood to various parts of the 
body; the pipes or ducts from glands 
contain muscle; and the muscle in the 


Balloons in a model show the working of 
the main muscles which raise and lower the 
human arm. When a muscle contracts its 
volume does not change. 


wall of the gut, by its rhythmic con- 
tractions, moves the food along and 
helps it to be digested. 

The action of muscles may vary 
considerably. At one extreme the 
muscles of the arm and hand may 
work to enable a fast heavy blow to 
be aimed with the fist clenched, at 
the other the same muscles may act in 
a co-ordinated manner to enable the 
fingers to carry out the most delicate 
operations. 

Over a third of the average verte- 
brate’s body consists of muscle. Apart 
from heart muscle, there are two main 
kinds of muscle; these are smooth 
(involuntary or unstriated) and striped 
(voluntary or striated). We normally 
have no conscious control over smooth 
muscle, while striped muscle (the ‘flesh’ 
of the body) can be controlled at will. 

Smooth muscle includes the muscle 
of the gut wall, the walls of blood 
vessels, the lung tubes (these open 
out when we need large amounts of 
air during exercise) and the ducts of 
glands. It contracts slowly and can 
maintain this state for long periods if 
necessary. The muscles which control 
the size of the pupil of the eye, for 
example, keep the pupil a constant 
size when lighting conditions do not 
vary. On the other hand the slow 


rhythmic contractions of the gut 
muscles are ideally suited to moving 
food slowly through the gut. 

Smooth muscle, then, is muscle 
that acts slowly but whose sustained 
contractions are of importance in 
holding organs in place, keeping the 
ducts of glands open or closed as 
required, and regulating the size of 
the blood vessels. 

The fibres of smooth muscle are un- 
striped (see page 74, Issue 5). As its 
name implies, striped muscle has 


striped fibres. This fundamental dif- 


The attachment of a muscle to a bone 
through a tendon. A muscle may be made up 
of several large bundles of muscle fibres, each 
bundle composed of smaller bundles of fibres. 


ference seems to be the key to the 
different actions of smooth and striped 
muscle. The latter is able to contract 
very quickly to produce rapid move- 
ment. Its contractions cannot be 
sustained for such long periods as 
smooth muscle and it tires quickly. 
Striped muscle is generally attached 
to the skeleton which it moves. 
Smooth muscle is usually arranged in 
coats or bands. When a muscle con- 
tracts it does not change in volume, 
even though its length may decrease. 
It may be compared with an oval 
balloon which has both ends pulled 
so that the balloon becomes thinner. 
Any reduction in the diameter of the 


Birds are the most successful of flying 
creatures, though a few, such as the ostrich, 
are flightless and use their powerful legs for 
fast running. The skeleton is so designed 
that the weight of the body is carried on the 
wings in flying and on the legs in walking. 
The flight muscles are relatively huge and 
may themselves account for one fifth of the 
total body weight. They are attached to a 
large, keeled breastbone and the upper part 
of the wing. The main flight muscle (pecto- 
ralis major) runs from the breastbone to 
the underside of the bone panera) in 
the upper part of the wing. Its fibres are 
red in birds that are strong flyers. Con- 
traction of the pectoralis major lowers the 
wing. Raising of the wing is produced by 
a smaller muscle, the pectoralis minor, 
which runs beneath the pectoralis major 
from the breastbone to the upper side of 
the humerus. Other smaller shoulder mus- 
cles help to twist the wing and move it into 
other positions, lowering its hind edge or 
varying the position of its leading edge— 
movements which are of great importance 
in flying. The muscles of the arm itself fold 
the wing or keep it extended. 

Bats are the only mammals which are 
capable of sustained flight. The wing is a 
membrane which stretches from the long 
forearm along the side of the body and 
envelops the hind limbs. It is supported by 
four of the fingers which have become 
enormously elongated. The flight muscles, 
attached to the keel of the breastbone and 
the forearm, are quite large. 

Most mammals run about on all fours. 
The legs are characteristically moved 
straight backwards and forwards under- 
neath the body. In man both the arms and 
legs are able to move freely in other direc- 
tions, though there is more movement at 
the shoulder than at the hip joint. 

In hoofed animals, such as horses, the 
limbs are lengthened by raising them on 
the toes. During their evolution some toes 
have been lost, more usually only one or 
two remain forming the axis of the limb. 
Movement is restricted to a fore-and-aft 
direction, but the arrangement of the joints 
and the limb muscles makes for very fast 
running. The hind limbs provide most of 
the drive, while the fore-limbs play the role 
of weight-bearers. 

Many hoofed mammals live in grassland 
plains where fast movement is both possible 
and necessary in order to avoid the atten- 
tions of the big cats which prey on them. 
In the cats the skeleton and the muscles 
are specialized for making the quick leaps 
with which prey are captured. Much of the 
weight of the long body is carried on the 
front limbs and the tail is used as a balanc- 
ing organ. 


The long hind legs of a frog give increased 
leverage in jumping. 


A lizard bends its body in a similar way to 
a fish, though not to the same extent. 


balloon is compensated for by the 
increase in length, so that the volume 
of the balloon stays the same. 
Muscles are attached to the skeleton 
by connective tissue fibres forming ten- 
dons or similar structures. Thus, when 


A highly magnified view of striped muscle. 


the appropriate muscle shortens, a 
part of the skeleton is moved. Muscles 
are not able to produce movement by 
pushing; they can only pull. They 
usually act in combination—a muscle 
rarely acts alone. One or more mus- 
cles act together to move a part of 
the body or to hold it in position, 
while other muscles act to pull in the 
other direction. 

The fibres of voluntary (striated) 
muscles are of two kinds, pale (or 
white) and red. Both are present in 
varying proportions in all voluntary 
muscles. In some the white fibres 
predominate, while in others the red 
fibres are more numerous. Generally 
speaking the pale fibres are more 
numerous in muscles mainly con- 
cerned with producing movement. 
They relax and contract rapidly, 
while muscles which are concerned 
with holding the body in certain 
positions against the force of gravity 
(the postural or anti-gravity muscles) 
contain mostly red fibres. They con- 


tract and relax more slowly and 
because of this are better suited for 
holding or resisting tension. The 
colour of red fibres is due to the 
presence of muscle haemoglobin or 
myoglobin as it is called (haemo- 
globin is the red pigment which gives 
the blood its colour and which carries 
oxygen from the lungs to the tissues). 
Myoglobin stores oxygen in the mus- 
cle and it is probable that this oxygen 
store is available for burning up the 
supplies of food (mainly sugars) in 
the muscle. As red fibres work slowly 
anyway this means that they are 
able to work for long periods too. 
White fibres, on the other hand, fatigue 
quickly, but they are able to do a lot 
of work in a short time. They enable 
us to run very fast, but only for short 
distances, for they have no oxygen 
store and use up the supplies of oxygen 
more quickly than they can be made 
available. This is why we can only 
sprint for a short distance, though 
with training this can be increased. 


Some muscles bend the limbs, others cause 
them to straighten. The straightening of the 
hind limbs produces most of the forward 
thrust in an animal such as a cheetah. It can 
reach speeds of up to seventy miles per hour 
for short distances. 


| CHEMICAL REACTIONS | 


Pridation = 


Although the oxygen of the atr 1s the most common oxidising agent 
it is by no means the only one. In this submarine hydrogen per- 
oxide provides the oxygen for the burning of the fuel. 


XYGEN in the air has a great 

tendency to combine with other 
elements or compounds, especially at 
high temperatures. When this com- 
bination occurs oxidation is said to 
take place. 

Coke consists almost entirely of the 
element carbon. It does not combine 
with oxygen at ordinary tempera- 
tures, but it will do so when the 
temperature is high enough. Com- 
bination with oxygen of the air then 
occurs and, if plenty of air is available, 
the carbon is converted to carbon 
dioxide gas. At the same time energy is 
released, which makes itself apparent 
in the form of heat and light. It is for 
this reason that coke is used as a fuel. 
Many elements will burn in this way 
when their temperatures become high 
enough. When the burning begins 
excess heat energy is given out, some 
of which is used to keep the tem- 
perature of the element raised so that 
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it remains burning. ‘Burning’ in- 
volves the combination of elements 
with oxygen. Hydrogen gas (a non- 
metal) burns to give steam, and 
sulphur (a solid non-metal) produces 
sulphur dioxide on burning. 

Several metals will burn when 
heated in air, forming the metallic 
oxide and giving out heat and light. 
Magnesium, for example, emits a 
bright white light, and for this reason 
it is used in photographers’ flash 
bulbs and as a constituent of aerial 
flares. Other metals do not release 
so much energy when they combine 
with oxygen on heating. They merely 
glow. 

Combination with oxygen will take 
place in some cases without the appli- 
cation of heat. Metals tarnish and 
become covered with a layer of oxide. 
Rusting of iron, in which an impure 
iron oxide is produced, is brought 
about by air in the presence of 
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examples of oxidation. 
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water. Rusting might be called a 
slow, flameless combustion. 

Yellow phosphorus is a dangerous 
substance because it has a low igni- 
tion temperature. It must be stored 
under water, for when it is brought, 
into contact with air it spontaneously 
bursts into flame without being 
heated. It has been used to make 
incendiary bombs. 

Many compounds will burn, especi- 
ally those which contain carbon and 
hydrogen. Wood has been burnt ever 
since man has had a knowledge of 
fire; petrol is burnt in the internal 
combustion engine. Petrol is a hydro- 
carbon, i.e. its molecule consists of 
carbon atoms combined with hydro- 
gen atoms. Its ignition temperature 
is low and this means great inflam- 
mability. The molecules of petrol 
split and react with the oxygen to 
form steam and carbon dioxide. 

Oxidation processes are very im- 
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These substances are burning. In other words they are combining 
with the oxygen in the air. The reactions illustrated here are all 
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Oxidizing Agents 


There are substances which cannot 
easily take oxygen from the air, but 
will accept it when it is passed on from 
other compounds containing oxygen. 
Such compounds are called oxidizing 
agents. Some, such as potassium nitrate 
(saltpetre, KNO;), potassium chlorate 
(KCIO,), nitric acid (HNO,) and hydro- 
gen peroxide (H,O,), are rich in com- 
bined oxygen which they release as a 
gas when they are heated. It is believed 
that single oxygen atoms are liberated 
first. These are very active and im- 
mediately join in pairs to form mole- 
cules of oxygen gas (O,). Alternatively 
the single atoms will combine with 
another substance which can be oxi- 
dized. It has been explained in a previous 
article that for atoms to be stable they 
must have their outer shells of electrons 
complete. If they have too few electrons 
they will try to gain extra electrons by 
reacting with other atoms. If they have 
too many, they will tend to react so 
that they lose electrons. The oxygen 
atom has six outer electrons. It needs 
eight. It makes up a complete outer 
shell and becomes stable by sharing two 
electrons with other atoms. 

Oxidizing agents are put into the 
mixture of chemicals in match heads to 
provide the oxygen for the burning. In 
the non-safety type, friction causes a 
rise of temperature which splits up the 


When mercury is heated in air it oxidizes, 
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but it does not catch fire. 


oxidizing agent to give a concentrated 
supply of oxygen. This, together with 
the high temperature caused by the 
friction, causes the other materials (e.g. 
phosphorus sulphide) to burn fiercely, 
giving out sufficient heat to burn the 
wooden match. Other well-known pro- 
cesses depend for their action upon 
‘active oxygen’ released from oxidizing 
agents. Single atoms of oxygen are called 
‘active oxygen’ because they are much 
more reactive than ordinary molecules 
of oxygen. Many dye molecules form 
colourless products when picking up 
this oxygen. Active oxygen available in 
hydrogen peroxide causes bleaching. 
Hydrogen peroxide is an unstable sub- 
stance yielding active oxygen for oxida- 
tion; water is also formed. 

Hydrogen peroxide can be used to 
provide the necessary oxygen for the 
burning of fuels in rockets moving out- 
side the Earth’s atmosphere. It was also 
used to provide oxygen to run the 
engines in submerged submarines with- 
out using the limited volume of air in 
the submarine. Hydrogen peroxide is 
also a powerful disinfectant, able to kill 
some harmful bacteria. Harmful bacteria 
are generally anaerobic, which means 
that they can live only in the absence 
of free oxygen. In the presence of 
hydrogen peroxide they are unable to 


survive. 
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The oxidizing agent potassium chlorate pro- 

vides the oxygen needed initially for the 
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burning of the phosphorus sulphide. 
Ground glass is added so that sufficient 
frictional heat can be produced to start the 
reaction. 


portant in living organisms. Both 
animals and plants need oxygen in 
order to live. The cells of which living 
things are made require energy to 
perform their functions and_ this is 
released from food materials by ‘burn- 
ing’ them. Actually this involves a 
series of complex chemical reactions 
which are oxidations. 

Chemists do not only use the term 
oxidation for reactions in which oxygen 
is being added to a substance. Oxida- 
tion is applied to certain reactions 
in which oxygen does not play any 
part whatsoever. Oxidation has been 
extended to all reactions in which 
electrons are removed from a substance. 
For instance, when magnesium burns, 
each atom of magnesium loses two 
electrons from its outer ‘shell’, so 
exposing the shell of eight inside and 
so becoming more stable. Since the 
negative charges of the electrons in 
a neutral atom just balance the posi- 
tive charges of the nucleus, the loss 
of two electrons produces a net gain 
by each magnesium atom of two 
positive charges. The two electrons 
from each magnesium atom are taken 
up by one oxygen atom. Thus the 
‘octet’ of electrons in the outer shells 
of both the magnesium and oxygen 
atoms are complete and so stability 
is achieved. 

Chlorine is a good oxidizing agent. 
When magnesium is heated in chlor- 
ine, magnesium chloride is formed. 
Each magnesium atom loses two 
electrons, and so becomes an ion. Two 
chlorine atoms (each of which has 
seven outer electrons) take the two 
electrons lost from the magnesium 
atom, and each chlorine achieves a 
completed shell of eight electrons. The 
chlorine atoms become chloride ions 
with a single negative charge. The 
magnesium ions and chloride ions are 
held together in magnesium chloride 
by an electrovalent bond, i.e. by the attrac- 
tion which exists between two objects 
charged with unlike electric charges. 

Both in burning in oxygen and 
reacting with chlorine, the mag- 
nesium atoms have behaved in a 
very similar way, in that they have 
become magnesium ions by the loss 
of electrons. The chemist regards both 
reactions as oxidations, since electrons 
have been lost. 


| OPTICS 


VERY few people have perfect eye- 

sight and most people at some 
time in their lives will need spectacles. 

An eye with no defects is capable of 
focusing a picture both at close range 
and at a distance quite clearly and 
without any strain. A printed page 
will look as clear and sharp as a 
distant star, because of the way the 
lens in the eye can vary its focal 
length. Most eye defects develop as 
we grow older. Very few people (only 
about five in every hundred) are 
born with them, but by the time they 
are sixty years old most people (prac- 
tically 95°%) need spectacles. 

Before describing the defects of eye- 
sight it is necessary first to mention 
briefly how the eye works when it is 
in good condition. Near the front of 


The Eye 


Ny 
ays 


Do you suffer from astigmatism? Shut 
one eye and look at this picture. If all the 
lines appear equally dark you do not. But 
if some sets of lines appear dark and those 
at right-angles to them appear lighter, then 
you do. This is caused by the fact that the 
front of your eye or the lens surface is not 
all of the same curvature. One curved sur- 
face will focus light at one point whereas 
a different-sized curve will give a focus 
somewhere else. 


_A 


Are your glasses corrected for astigma- 
tism? Hold them horizontally about two 
feet away from your eyes and look at the 
corner angle of a doorway or window, then 
tlt the glasses. If the corner appears to 
tilt, too, then the glasses are corrected for 
astigmatism. 


rid rts 


the eye is a lens through which rays 
of light are directed and focused so 
that an image falls on the retina at 
the back of the eye. (Most of the 
bending of the light is done by the 
cornea at the front of the eye.) The 
retina picks up the rays as a picture, 
and translates the image appearing 
on it into a message which is sent by 
the optic nerve to the brain. The 
brain interprets these signals as the 
picture we see. 

Many of the defects which can 
occur in the eye are the result of in- 
adequacies of the lens. The purpose 
of the lens is to refract or bend light 
rays on to the retina so that they 
arrive there as a sharp image. 

The lens is capable of changing its 
shape so that the images of both near 
and distant objects can be focused 
clearly on the retina. The lens is 
composed of an arrangement of lens 
fibres inside an elastic lens capsule. 


& + 


Blind Spot 


This is a part of the back of the eye with 
no nerve endings to pick up information 
about a picture focused on it. It is the 


Defects 


The fibres are arranged in such a 
way that when the eye is in strain, 
doing close work, the lens is fat and 
when the eye is relaxed, looking into 


the distance, the lens is thinner. 
When the eye is relaxed, the elastic 
force of the sclera (white skin which 
is seen at the front of the eye and 
which encloses the whole of the eye- 
ball) pulls the lens thin by pulling 
on the suspensory ligament attached 
to the lens. To make the lens fatter, 
the ciliary muscle resists the elastic 
force of the sclera. There is less pull 
on the lens which becomes fatter. 


Short- and Long-sightedness 


Short-sightedness is the direct re- 
sult of modern living; viewing tele- 
vision, reading and so on. Reading 
certainly plays a large part in this 
(there are exceptional numbers of 
short-sighted students, whereas in un- 


area where the optic nerve leaves the eye. 
Hold the page up so that the dot and the 
cross are about two feet away from your 
eyes. Shut your right eye and look at the 
cross with your left eye. As you do so very 
slowly bring the paper towards your eyes. 
Although you are looking at the cross you 
can still see the dot. Then at a certain 
point the dot seems to disappear. It is then 
focused on the blind spot. As the page is 
moved forward it reappears. 
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Short sight. 

(a) A near object can give a clear image 

(b) For distance viewing the short-sighted eye gives a blurred 
image as the light is brought into focus before the retina. 

(c) A diverging lens is used to correct this. 


civilised tribes, where few people read, there are hardly 
any short-sighted people at all). Short sight can be due to 
distortion of the retina, hence some short-sighted sufferers 
are born that way. The muscles of a normal eye which is 
looking into the distance adjust themselves and relax to 
make the lens thin so that it can focus a distant object. 
For an object close to the eye the lens must become fatter 


Ray diagram showing how the normal eye focuses a sharp image on 
the retina. The eye is kept in shape by the liquid inside it. Light rays 
entering the eye are bent at the corneal surface and further gathered 
up by the lens. 


Eye defects can be due to distortion of the eyeball. The short- 
sighted eyeball (centre) is too long and the long-sighted eyeball 
(right) is too short. 
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Long sight. 

(d) A distant object can give a clear image. 

(e) For a near object the long-sighted eye focuses the light behind 
the retina, giving a blurred image. 

(f) A converging lens corrects this defect. 


to focus properly. This property of the eye which makes 
it able to adjust itself is called accommodation. After much 
close work has been done, the eye seems to think that 
close work is what is required of it always and alters 
itself permanently to make the task easier. The difficulty 
then comes if distance viewing is required. The lens can- 
not accommodate itself by making itself thin enough to 
focus the distant object without strain, and spectacles are 
needed. Without spectacles the eye would try to focus the 
distant object as though it were much nearer and the 
result would be a blurred image on the retina. A concave 
lens of the correct shape will spread out the light rays, 
making them seem to come from a nearer object so that 
the eye can obtain a clear image. The correct term 
for short sight is myopia (a short word meaning short 
sight!). 

Long sight can be caused by the eyeball being too short 
from front to back (hypermetropia) or by the hardening of 
the lens. A long-sighted eye can be one which is too short 
and because of its shape can focus distant objects, but not 
those close to. Converging lenses are worn to bring to- 
gether the light rays so that a clear image can be obtained 
on the retina. The correct word for this type of long sight 
is hypermetropia (a long word meaning long sight!). 

Presbyopia is the name given to the eye complaint of old 
age. As you grow older the lens hardens and becomes less 
pliable so that the eye muscles have not the power in 
them to make the lens of the eye round and fat enough 
to focus objects which are close to it. Special reading 
glasses are needed, similar to the ones used by long- 
sighted people. These glasses are of no use for distance 
viewing, so the person must take them off and wear 
another pair or have bifocal spectacles which have two 
sets of lenses, the bottom set for close work and the upper 
for distance viewing. 


BIOLOGY 


How Plant Cells Use Food 


E have described in previous 

articles how the plant builds up 
sugars and starch from carbon dioxide 
and water in photosynthesis (see page 
206, Issue 13), how it takes in water 
(see page 188, Issue 12) and how it 
takes in minerals in solution from the 
soil through its roots (see page 209, 
Issue 14). Having obtained or having 
made these substances what is their 
fate inside the plant? 


The storage of starch 

The substances formed in photo- 
synthesis (sugars, starch, etc.), only 
remain in the chloroplasts (the chloro- 
phyll-containing bodies) for a short 
time after they have been formed. If 
the end-product is starch, for instance, 
it will be deposited temporarily in the 
chloroplasts. Starch is insoluble (it 
does not dissolve in water) so that its 
presence in the chloroplasts will not 
interfere with other processes. But it 
is soon converted into sugar, which is 
soluble (z.e. it dissolves in water), and 
which is therefore in a form that can 
pass to other parts of the plant. If this 
part happens to be a storage organ, 
such as a potato tuber, then the 
sugar may be converted into starch 
again as an insoluble storage sub- 
stance. Large amounts of an in- 
soluble storage substance can accum- 
ulate without interfering with other 
chemical processes. 

Starch is also formed in many seeds 
and is then available to the young 
plant inside the seed when it starts to 
grow. In fleshy storage organs, such 
as bulbs, sugar may itself be stored. 
Sucrose (cane sugar) is present in 
large quantities in the bulb of the 
Onion. 


Starch for building 

The sugar when it arrives at 
another part of the plant from the 
leaves may be used to build cell walls. 
These are made of cellulose, the mole- 
cules of which consist of long chains 
of glucose sugar molecules. Cellulose 
fibres are used for a number of pur- 
poses, particularly in the textile indus- 


tries (cotton, linen, rayon) and in 
paper-making (paper consists largely 
of cellulose). Cellulose is also used as 
a storage material in some seeds (e.g. 
lupin). 


Fats and proteins 

Sugar may also be built up into 
fats and proteins. Proteins are built 
up of substances called amino acids. 
These are built up basically from 
glucose and nitrogen. The plant ob- 
tains the nitrogen it needs from 


The burning of food to 
supply energy 

. Besides being stored, used to build 
cell walls, or to form other substances 
such as fats and proteins, sugar is also 
‘burned’ in the cells of the plant to 
provide energy for work. Growing 
cells require energy to make cellulose; 
they require energy to make proteins 
and fats; energy is needed to move 
food materials from one part of the 
plant to another through the food 
tubes; roots require energy in order 


Respiration uses the oxygen produced in photosynthesis. The latter uses carbon dioxide 
produced by respiration. In bright light carbon dioxide will enter the leaf because photo- 
synthesis needs more than the small amount produced by respiration. It also produces more 
oxygen than respiration consumes so that oxygen passes out. In dim light the overall 
exchange of gases with the outside balances. Respiration produces enough CO, for photo- 
synthesis and the latter produces enough O, for respiration. In darkness only resptration 
proceeds. Oxygen has to enter the leaf while carbon dioxide produced is given off. 


ammonium salts or nitrates in solu- 
tion in the soil. The building up of 
amino acids from glucose and nitro- 
gen and the piecing together of 
amino acids to form proteins is 
controlled by enzymes. Small traces 
of molybdenum are necessary for 
some of these enzymes to perform 
these tasks. The living jelly in plant 
cells (protoplasm) consists to a large 
extent of proteins and also contains 
fats. Fats and proteins are also stored 
in many seeds (e.g. Castor oil plant 
and Sunflower contain oils, Pea and 
Castor oil plant contain proteins). 


' to absorb minerals from the soil. The 


energy for these and the many other 
everyday chemical processes going on 
within the cells comes from the 
burning of sugar. This is called 
respiration. 

There is no actual burning of sugar 
in the cells. This is merely a con- 
venient way of describing respiration, 
since the products of respiration are 
the same as those produced by the 
actual burning of sugar, namely car- 
bon dioxide and water, and respira- 
tion, like burning, is a process that 
requires oxygen; it is an oxidation 


A plant uses up large amounts of energy in the forma- 
tion of flowers and seeds. Sugar from the leaves or 
from storage organs is burnt to supply this energy 
so that a store of food is provided in the seeds for 
the future young plants from more sugar, water and 


minerals. 
A young growing leaf requires food 


(sugar, water, minerals) to burn in order 
to obtain energy for the formation of 
new protoplasm and new cell walls. 
Unlike animals, plants grow in restricted 
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molecules In the leaf starch formed during photosynthesis is 


SUGAR turned into sugar by enzymes for transport to other 
parts of the plant. (Enzymes can work only in the 
presence of minerals and water.) 


In the roots some sugar is converted to starch for ; ; 
storage. Some is burned (flame) to provide energy = A © 5 
for growth of roots (the formation of cellulose and : 

new protoplasm to build new cells and increase their 


size). All these reactions are controlled by enzymes. ENZYME 


What Factors Affect Respiration? 


Though respiration is taking place at all times the rate at which it proceeds is changing not only with the 
changing conditions of a day, but also with the seasons and with the stage in a plant’s life cycle. There is a 
large difference between its rate in a dormant seed, between one which has started to sprout (germinate) 
and a plant at the time of its flowering. Chemical processes will not go on so quickly in the cells of a cactus 
during the dry season as they will when the cactus is refreshed after a fall of rain. A tree which loses its 
leaves in the autumn cannot photosynthesise until the new leaves are formed the following year. The rate 
of respiration in its cells will be lower than it is during the summer not only because that is the time when 
most growth is taking place but also because the temperature is lower during the autumn and winter. 
Chemical reactions proceed faster as the temperature increases, up to a certain point (about 35°C to 40°C) 
and then they decrease because the enzymes are prevented from working and will eventually be destroyed. 

The rate of respiration varies with the temperature, the amount of oxygen which is available, the food 
material which is being burned and its availability, and the supply of water (during a severe drought 


respiration will be slowed down). 


process. More correctly it is a whole 
series of processes or reactions, in the 
same way that photosynthesis is not 
just one simple reaction. Each reaction 
is controlled by an enzyme and will 
not take place in the absence of that 
enzyme. A solution of sugar can be 
placed in a test tube and given a 
plentiful supply of oxygen and, pro- 
viding bacteria and other organisms 
which ferment sugars are prevented 
from contaminating the solution, the 
sugar solution will remain unchanged 
indefinitely. But when an enzyme is 
added, then the sugar molecules will 
be changed. 

In the oxidation of glucose, hydro- 
gen and oxygen atoms are removed 
forming water molecules. Other oxy- 
gen atoms combine with carbon 
atoms forming carbon dioxide. This 
chemical breakdown involves phos- 
phates (the plant obtains its supply of 
phosphorus from the soil). They are 
intimately concerned with the transfer 
of the energy released from chemical 
breakdowns to the energy consumed 
in building processes. 

In the plant cells (and in animal 
cells too for that matter) respiration is 
going on continuously. Energy is con- 
stantly required and is constantly 
provided to enable reactions to pro- 
ceed. Chemicals within the cells are 
constantly being broken down or 
built up into others with larger 
molecules. The products of photo- 
synthesis may be combined with the 
minerals absorbed from the soil by 
the roots (these minerals are also 
necessary for some enzymes to do 
their work), to make chlorophyll and 
more enzyme molecules. They also 
make calcium pectate (the substance 
which cements the cellulose cell walls 


together), storage products in the 
seed for the future generation and 
so on. 

The production of seeds, which 
involves the growth of much new 
tissue—flower stalks, petals, the calyx, 
and other flower parts, the ovules 
(future seeds) and the pollen—is a 
process which requires huge amounts 
of energy. It is one which may be 
concentrated into a very short time. 
A plant such as a tree regularly 
flowers each year. During the growing 
season it is- adding branches and 
producing new leaves, its root system 
is spreading, more wood is being laid 
down in its trunk to form the rings 
that we see in a cross-section. 

Plants are able to respire for a time 
even in the complete absence of free 
oxygen (though some animals are able 
to live in conditions where the amount 
of oxygen is small few are able to 
live in the complete absence of free 
oxygen). Sugar is the usual food 
material which is broken down but, 
besides carbon dioxide, alcohol is 
formed and not water. After a time 
the amount of alcohol produced 
poisons the cells and respiration stops 
altogether. Respiration in the absence 
of oxygen is called anaerobic respira- 
tion; in the presence of oxygen it is 
called aerobic respiration. There is 
great similarity between anaerobic 
respiration and fermentation (see 
page 225, Issue No. 15). In both cases 
sugar is broken down, in the absence 
of oxygen, to carbon dioxide and 
alcohol. The same enzymes that 
enable yeast to ferment sugars have 
been found in plant cells. 

Though carbohydrates (compounds 
such as sugars which contain carbon, 
hydrogen and oxygen atoms) are the 


materials that are usually burned to 
provide energy, fats and proteins may 
also be respired. For instance, in 
germinating seeds fats are often res- 
pired. Fat is a very economical 
storage material since it contains 
proportionately more carbon and 
hydrogen than carbohydrates or 
proteins. When it burns, therefore, 
there is a greater proportion of it to 
burn than there is of carbohydrate or 
protein. From the same weights of fat, 
protein and carbohydrate more energy 
is released when fat is burnt than for 
the other two. More oxygen is needed 
to burn it than for the other two types | 
of food materials and (of great im- 
portance to the seed which needs all 
the water it can obtain), more water 
is produced when fat is burned than 
when carbohydrates or proteins are 
burned. 


Small amounts of protein are prob- 
ably burned all the time in plant cells, 
but they are respired in any quantity 
only when other food materials are in 
very short supply (7.e. during starva- 
tion). For example, they may be 
respired in leaves which for some 
reason or other have been unable to 
photosynthesise for some time so that 
all the carbohydrates will have been 
used up and there will be no fats 
remaining since these are formed 
from carbohydrates. 

From the substances taken in 
through the roots and those produced 
in photosynthesis the plant is able to 
make all the molecules that it needs. 
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A mounted plough in use. yore ponies have several pe tities over pouat hiaae fepaosnek The depth of ploughing can be 
automatically adjusted and the weight of the plough can be released from the rear wheels of the tractor if an obstruction is encountered, 
thereby avoiding damage. They are usually lifted in and out of work hydraulically. The hydraulic system, operated by the tractor, was 
pioneered by the late Mr. Harry Ferguson, an Ulsterman, and most modern farm tractors are so fitted. (Below) Three types of plough 
body suttable for different purposes: (a) general purpose—ideal for grassland; (b) semi-digging—partly breaks up the soil; (c) digging 
—suitable for ap ploughing, Jurrow slice broken. 


(a) 


Al first sight the plough is a simple 
tool, no more important than a 
dozen implements used by the farmer 
in his everyday work. Indeed, the 
fundamental role played by the 
plough is only recognised if we con- 
sider what we should do without it. 
Whole fields would have to be dug 
over with spade and fork or by the 
most primitive and inefficient digging 
tools, with an enormous expenditure 
of labour. The principal advantage of 
the plough is that it enables the 
mechanical force of the tractor or the 
horse to be employed to speed up the 
preparation of the land and to cut 
down the amount of human effort. 
Like most such labour-saving devices, 
however, it is at its most efficient when 
a large amount of straightforward 
work has to be done. There would be 
little point, for example, in using a 
tractor-drawn plough in a small back 
garden, but in a large open field the 
advantages soon become evident. 

What exactly does a plough do? 
Its main object is to turn over the 
surface of the soil. The principle is 
quite simple. The iron plough share 
(see illustration) makes a horizontal 
cut a few inches below the surface of 
the soil as the implement is pulled 
along. Another cutting edge, the 
coulter, cuts vertically into the soil so 
that a long ribbon of soil is cut out. 
The mouldboard of the plough, behind 
the share, is twisted and turns the 
ribbon of soil to one side with the 
result that the side which was origin- 
ally below ground is now uppermost. 
The ribbon is not usually turned 
over completely, however, but left 
at a slant, producing the characteristic 
furrows and ridges we know so 
well. 

This is the basic principle of the 
plough, but there are many important 
refinements. The depth of the furrows 
being cut, for example, can be adjust- 
ed by altering the height of the 
Jurrow wheel and the land wheel (the 
former is larger than the latter since 
it runs along a furrow previously cut, 
while the land wheel rests on the 
higher, unploughed earth). Another 
important feature is the device by 
which the plough share can be lifted 
from the soil surface so that no 
furrows are made as the plough turns 


round at the end of the field (the 
‘headland’). 

So far this article has been con- 
cerned with single furrow ploughs, 
and indeed similar implements have 
been used down the centuries in the 
cultivation of the land. The advent 
of the powerful tractor, however, has 


allows air to get at the soil and 
prevents it from becoming water- 
logged. It ‘digs in’ the surface vege- 
table matter so that it can decay to 
form valuable humus (a rich source 
of plant food). 

The type of soil greatly affects the 
depth at which the plough share cuts, 


THE PARTS OF THE PLOUGH 


MOULDBOARD 
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(Above) A diagram showing how the parts of the plough operate in cutting a ribbon of 


soil and turning tt over. 


made it easier to produce several 
furrows at the same time, by using 
two, three or more plough shares and 
their related equipment set together. 
This obviously makes for a great 
saving in time and labour. The shares 
are set diagonally, to allow space for 
the soil behind each share to be 


as does the kind of crop to be grown. 
Generally speaking the depth of cut 
varies between 4 inches and a foot, 
though some special ploughs are 
capable of cutting twice as deep as 
this. There are of course several differ- 
ent kinds of ploughs, adapted for 
special purposes. Lea ploughs are 


The range of trailed ploughs may vary from a single-furrow deep-digging type to six-furrow 
types that are ideal for use on large areas where mounted ploughs might prove less economical. 


turned over cleanly. 

The main purpose of ploughing is 
to turn over the soil to bury the weeds 
and the remains of previous crops so 
that when new seed is planted it will 
have good conditions in which to 
grow. There are, however, several 
other important results. Ploughing 


sometimes used for autumn ploughing 
and have a long mouldboard, produc- 
ing a continuous furrow which is 
broken up during the winter frosts. 
Digger ploughs have a shorter mould- 
board, giving a broken furrow more 
suitable for the planting of crops. There 
are many variations on these types. 
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PALAEOGEOGRAPHY 


The World As It Was 


ALAEOGEOGRAPHY is __ the 

study and mapping of ancient 
lands and seas. The world map as we 
know it must not be imagined as 
permanent, for the surface of the 
world is constantly changing. Through 
the eons of past time shallow seas have 
repeatedly invaded the continents and 
retreated, while great mountain ranges 
have been uplifted by forces within 
the Earth and worn down again by 
the tools of erosion—water, wind and 
ice. There is even a great deal of 
evidence to suggest that the continents 
originally formed one or two great 
land masses which broke up, the 
‘pieces’ drifting to their present posi- 
tions. If we were to be presented with 
a map of North America as it was 
some 120,000,000 years ago it is 
doubtful whether we would recognise 
it as such. But there is no need to go 
so far back in time to illustrate the 
changes that have taken place. It was 
only 8,000 years ago that Great 
Britain was linked to the continent 
of Europe by dry land and there is 
strong evidence in the form of man- 
made tools to suggest that the Dogger 
Bank, a large sandbank in the North 
Sea, was inhabited about 6,000 years 
ago. Though we shall not be here to 


appear uf the land rose 600 feet (or the 
sea level fell by a similar amount). It was 
in fact like this in recent geological time. 
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see it, the mighty Himalayas, which 
originally rose out of the sea, will one 
day be smoothed away by weathering 
and erosion, for the greatest mountain 
ranges are merely temporary wrinkles 
in the Earth’s crust. It is even possible 
to see minor changes taking place 


world map simply illustrates changes 
in the relative heights of land and sea. 

It is not difficult to find areas which 
have been submerged in the past, for 
the tell-tale evidence of sedimentary 
rocks (rocks laid down beneath water) 
is hard to destroy completely and, 
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The fact that fossils of marine creatures, such as these ichthyosaurs which lived some 
150,000,000 years ago, may now be found in rocks high above sea level proves that the 
relative heights of land and sea have changed considerably throughout the past. 


within our own life span as the sea 
eats away the land in some places 
and builds on to it by the deposition 
of sand in others. But it is important 
to remember that the continents, 
despite their changes in relief, are 
permanent features and the changing 


It ts doubtful whether many people would 
recognise the continent pictured in the 
above map. It 1s in fact North America 
as it was some 120,000,000 years ago. 


even if these rocks are stripped from 
the land and carried to the sea, they 
can still throw a great deal of light 
on the area from which they were 
derived. The sedimentary rocks can 
be identified and related by fossils 
(traces of animals and plants which 


A map of the British Isles as they would 
appear if the sea level rose (or the land 
sank) 200 feet. Far greater changes have 
in fact occurred in the past. 


have been preserved in various ways, 
sometimes for many millions of years). 
Each formation contains its own 
distinctive set of fossils by which it can 
be recognised. Thus the extent of 
Cretaceous rocks at present gives a 
rough guide as to the extent of land 
submerged during Cretaceous times. 
Sometimes the mapping of these rocks 
produces surprises. The way in which 
they are graded (according to the 
coarseness of the material) may sug- 
gest that they were derived from a 
land mass which existed where there 
is now open sea. It is also possible to 
trace former land areas which are now 
submerged. In some cases the courses 
of ancient rivers can be traced across 
the sea bed. 

Ancient land areas also leave their 
traces to aid reconstruction. Wind- 
deposited sandstones, continental sedi- 
ments containing the fossils of terres- 
trial plants and animals and coal 
measures bear witness to land having 
once existed there. 

Reconstructing past mountain 
ranges is not quite so difficult as it 
may seem, for evidence of their 
existence remains long after they are 
no longer visible as geographical 
features. In the great fold mountain 
ranges the rock layers have been 


A simplified diagram showing how, even after a mountain range has been worn down to 
a plain, the rocks can give some indication of tts former height and the way in which it 


was uplifted. 


folded, twisted, overturned and frac- 
tured in weird patterns by tremendous 
pressures. And even after the moun- 
tains have been worn down to mere 
stumps it is possible to tell something 
of their original size and the way in 
which they were formed from the 
truncated folds that remain. Another 
clue to past mountain ranges lies in 
the sediment derived from their 
erosion. This will contain fossils which 
will date the period of uplift and 
erosion. 


The northern hemisphere at the greatest 
extent of the Pleistocene ice sheets. 
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TECHNOLOGY 


The fitting-out quay. 


SMIP BUILDING 


S the design of ships has changed 
through the years, so the methods 
of building them have progressed. 
The use of new materials and tech- 
niques and improvements in the old, 
the application of scientific develop- 
ments allied to continual research, 
plus the experience and skills of the 
craftsmen, all lie behind the building 
of every modern ship. 

When the architects and designers 
and the shipbuilders have agreed with 
the prospective owner as to the shape, 
size and power of the finished vessel, 
so that she can successfully operate 
the service for which she is intended— 
passenger liner or tanker, refrigerated 
fruitship or warship, tramp or ferry— 
work starts in the drawing office on 
the thousands of accurate detailed 


The first stage with tank top plating 
completed. 
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drawings required. A schedule of 
progress is prepared, for the sooner 
the ship is completed and handed 
over the sooner she will start earning 
her keep. Orders are placed with 
suppliers for the materials to be used 
in her construction; a berth is pre- 
pared, and the whole gamut of 
operations covered by the term ship 
building is geared into action. 
Nowadays welding has almost en- 
tirely superseded riveting for joining 
together the steel plates of which the 
ship is built, and this has enabled a 
new technique to be applied, called 
prefabrication. Previously every indi- 
vidual plate had to be carried from 
the plate shop to the slipway or berth 
and held in position, perhaps high 
above ground, for the riveters to 
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The main watertight bulkheads erected 
across the ship. 


secure. Today, whole sections are 
built up by welding in the assembly 
shop and then taken, as a complete 
unit weighing perhaps 40 tons, to the 
slipway and lowered into position for 
welding to its neighbouring units. 
As so much of the structure is 
fabricated in this way, under cover in 
the assembly shop, bad weather has 
less effect on progress and working 
conditions are greatly improved. 

A great deal of the welding is done 
by individual welders using manual 
equipment, particularly on the struc- 
ture of the ship on the slipway. But 
prefabrication in the shop lends itself 
to automatic welding, and modern 
assembly shops have a number of com- 
pletely automatic and semi-automatic 
welding machines in continual use. 
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Progress on the sides and the propeller 
shaft tunnels. 


Prefabricated lower stem unit (43 tons). 


Before the actual fabrication can 
start each separate steel plate has to 
be marked out and cut to its correct 
size. Although straight cuts on thinner 
plates are made by powerful shearing 
machines, cutting by oxy-acetylene 
flame burners is usually employed, 
particularly for curved and irregu- 
larly shaped profiles. In this depart- 
ment, too, automation is rapidly 
gaining ground. There are fully auto- 
matic flame cutting machines, with 


Completing the plating and internal bulk- 
heads for F deck. 


Upper stem unit being lowered into place to complete the ship’s bows. 


several cutting heads whose position 
and speed of cutting are controlled 
by apparatus which electronically 
traces the profiles direct from a 1/1oth 
scale drawing. Another type of 


machine can cut two plates at the 
same time, the plates being identical 
but to opposite hand, 7.e. for port and 
starboard sides, and up to 40 ft. long, 
12 ft. wide and 3 inches thick (each 
weighing over 26 tons). This machine 
is operated by magnetic tape. In- 
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E deck level showing deckhouse bulkheads 


in position. 


formation from working drawings is 
coded and fed into an electronic 
computer which calculates the path 
of the cutting heads, taking into ac- 
count all factors such as speed of 
cutting and shape of profile. The 
result of the computer’s calculations 
appears on punched paper tape which 
is fed into another electronic device 
which produces the magnetic tape. 
With all automatic cutting machines 
no ‘marking off’ (i.e. drawing the 
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Taking shape—B and C decks and the 


rounded stern. 
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line of the cut on the steel plate), is 
necessary. This results in a consider- 
able saving in time and increase in 
accuracy. 

It is imperative that the materials 
and methods used in the construction 
of a ship should be free from defects, 
as a failure at sea of a steel plate or a 
weld, a casting or a forging, could 
have serious results. To start with, 
conventional tests are made of repre- 
sentative samples of the materials to 
be used, to establish that they meet or 
exceed the prescribed standards of 
tensile strength and resistance to 
fatigue and impact. Then, during 
construction, the latest scientific in- 
struments are employed to examine 
the steel sheets for surface cracks, and 
for internal defects. Castings and 
forgings are also subjected to such 
examinations, as also are the welds. 
The testing equipment used includes 
radiography by X-ray and by the 
more powerful gamma ray apparatus, 
ultra-sonic testing for internal defects 
(the transmission of high frequency 
sound waves through the material), 
and magnetic crack detection of sur- 
face defects. 

When the berth is ready with all 
the necessary scaffolding in position, 
the keel plates, cut to size and shaped, 
are laid on the slipway and building 
begins in earnest. 

As the prefabricated sections are 
completed, and the side plates cut and 
shaped to the curve of the flowing 
lines of the hull, they are carried to 
the berth, put into position and 
welded to their neighbours. Gradually 
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The cables taking the 
strain as she slides 
into the water. 


the ship grows—the keel, the sides, 
the bulkheads extending from side to 
side and from topsides to keel at 
intervals along the length of the ship, 
dividing it into watertight compart- 
ments, the plates which form each 
succeeding deck, the superstructure 
riding high above the scaffolding— 
then, all the work that can be done at 
the building berth is completed. The 
slipway is prepared, cables and chains 
are attached to the ship’s sides to 
restrain her after she has taken to the 
water. The ship is now ready for her 
launching, a ceremony at which she 
is named, as a bottle of champagne 
breaks against her stem. Then the 
last chocks are knocked away and she 
starts to slide smoothly into the water. 

Whilst the hull has been growing 
on the stocks, the engine shops have 
been busy building the machinery— 
the steam turbines and boilers to 
propel her across the oceans, the 
auxiliary engines to provide power for 
all the necessary services, lighting, 
heating, air conditioning, for steering 
the ship, for radio and radar, for 
working the winches and cranes, and 
a hundred other needs. 

After the launch, she is towed to 
the fitting out quay where the heavy 
machinery is shipped aboard. The 
engines and boilers are gently lowered 
inside her by huge hammerhead 
cranes capable of lifting loads up to 
250 tons in some cases. It is then the 
turn of the electricians and the 
plumbers, the carpenters and joiners, 
the shipwrights and the painters to 
complete the fitting out ready for sea 


Welding 1s being increasingly used in shipbuilding. 


trials. At this stage, too, new materials 
and techniques are being adopted. 
Instead of wire-brushing steelwork to 
prepare the surface for painting, shot- 
blasting is used. Plastics are playing 
a much larger part for internal 
finishings. As far as possible, fittings 
such as ventilation trunking, sink 
units and similar plumbing work, 
cupboards and wooden fixtures, are 
assembled as complete units in the 
metal working and joinery shops 
instead of being built up in position 
on the ship. 

After all the main and auxiliary 
machinery and equipment have been 
installed, and while the finishing 
touches are being given to the cabins, 
what are known as ‘basin trials’ are 
carried out in the presence of inspec- 
tors from Lloyd’s and from the 
Ministry of Transport, to prove that 
everything has been satisfactorily 
completed. When these are finished 
the ship is dry-docked to enable the 
bottom to be cleaned and. painted— 
and then she is ready for her sea 
trials. 

These are the culmination of all 
the work that has been put into her 
since the architect sketched out the 
owner’s original ideas on paper some 
three years or so before. 

These trials take place on an open 
stretch of water, with runs -in both 
directions over a measured mile 
course to test her speed, and turning 
circles to prove her handling ability. 
When these have been successfully 
completed the ship builder’s house 
flag comes down, the owner’s flag is 
proudly hoisted, the necessary docu- 
ments are signed and the ship is 
handed over. 


INORGANIC CHEMISTRY 


—70°C 


AIR AT 
Isc 


AND ae 
ATMOSPHERIC 
PRESSURE 


40 ATMOSPHERES” 


ANDS 


"AIR TO 
ATMOSPHERIC A 
“PRESSURE 


The Claude process for liquefaction of air: Note how the gas which has not been 
liquefied is first used to cool the compressed air which is at — 70°C’ (in the Secondary 
Cooler). The gas which is being re-circulated is still cold enough to take the heat out of 
the freshly compressed air. In the Primary Cooler, this compressed atr is cooled to — 70°C. 


HEREAS substances will burst 

into flame when put in oxygen, 
nitrogen does not assist burning. The 
compounds of nitrogen are chemically 
reactive although the element itself is 
rather unreactive. Nitrogen combines 
directly with only a few elements, 
such as magnesium. If magnesium is 
heated in pure nitrogen, magnesium 
nitride is formed. In fact, when 
magnesium is burnt in air, a small 
quantity of the magnesium reacts 
with the nitrogen of the air to form 
magnesium nitride while the bulk of 
the magnesium combines with oxygen 
to give magnesium oxide. 

The Earth’s atmosphere is com- 
posed of about one-fifth oxygen and 
four-fifths nitrogen, and both these 
gases are obtained on an industrial 
scale by fractional distillation of liquid 
air. After removing the small quan- 
tities of water vapour and carbon 
dioxide which are always present, the 
air is liquefied. This is achieved by a 
combination of cooling and expan- 
sion. 

In the Claude process air is com- 
pressed until its pressure is about 40 
times that of the atmosphere and as 
a result heat is generated. This heat 
is removed by the cold air which has 
not been liquefied and the fresh gas 
is cooled to minus 70°C. Some of the 
cool air is then allowed to expand to 


atmospheric pressure. This process 
takes heat from the air itself and as a 
result the air is still further cooled to 
minus 160°C. The air remaining at 
high pressure is cooled sufficiently by 
the air which has expanded so that 
the air at high pressure is turned to 
liquid. 

Once the gases of the air have been 
liquefied it is possible to separate the 
nitrogen from the oxygen because 
they each turn back into gases (t.e. 
boil) at a different temperature. So at 
an exactly controlled temperature 
nitrogen will turn into a gas (above 
— 196°C), while at that temperature 
(and below — 183°C) oxygen still 
remains a liquid. The method of 
boiling the liquid air is to let it fall 
to the bottom of the rectification 
column down to the coiled tube that 
brings in the cold air as a gas. This 
is comparatively much warmer than 
the liquid air, which therefore boils. 
All the nitrogen turns to gas and rises 
to the top to be collected. Unfortun- 
ately some of the oxygen in the liquid 
air also boils, but it has a strong 
tendency to condense again. It is 
made to do so on the perforated plates 
down which the very cold liquid air 
is flowing, and liquid oxygen joins the 
liquid air going downwards. Very 
soon the liquid at the bottom of this 
tower is almost only liquid oxygen, 


and only pure nitrogen rises to the 
top. 

Nitrogen in combination with other 
elements is widely distributed in 
Nature: nitrogen is a constituent of 
many very important compounds, 
including explosives such as T.N.T., 
drugs and various dyes. 

Proteins make up the greater part 
of the solid matter of all animal cells 
and tissues and are present in various 
parts of plants. Meat and eggs consist 
mainly of protein: milk, seeds and 
some fruits also contain a high pro- 
portion of it. Proteins are rather 
complex in nature, but all contain on 
an average 16 per cent of nitrogen. 

In combination with oxygen, nitro- 
gen gives rise to nitrous acid (HNO,) 
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A Rectification column (simplified) 
for separation of oxygen and nitro- 
gen: When liquid air comes into contact 
with cool gaseous air, nitrogen gas tends 
to boil off, while oxygen collects in the 
liquid. The liquid air is fed in at the top 
of the column, while the liquid which 
collects at the bottom is boiled. (The heat 
remaining in the cool gaseous air is suffi- 
cient to cause boiling, and at the same time 
the gaseous air is still further cooled.) 
These two streams are mixed on successive 
plates so that almost pure nitrogen gas can 
be taken from the top of the column, while 
liquid oxygen can be removed from the base. 


299 


and nitric acid (HNO). The salts of 
nitric acid, the nitrates, are fairly 
abundant, and extensive deposits of 
sodium nitrate, which is more com- 
monly known as Chile saltpetre, 
occur in Chile. The production and 
properties of nitric acid are of such 
importance that a separate article 
will be devoted to them. 

Another important compound of 
nitrogen is the base, ammonia (NHs). 
There are traces of this gas in the air 
and ammonium salts occur in plants 
and animals (e.g. in blood and urine), 
in the soil and in certain natural 
waters. Ammonia is formed when 
organic matter containing nitrogen 
decomposes. 

Ammonia and ammonium salts are 
present in gas-liquor which is obtained 
as a by-product in the manufacture of 
coal gas and coke. This source of 
ammonia gas is now comparatively 
unimportant. It is made in much 
larger quantities by synthesis (2.e. 


The fountain experiment: So great 
is the solubility of ammonia in water that 
a partial vacuum is created in the flask 
containing ammonia gas because so much 
ammonia goes into the water. Water is, 
therefore, sucked up into the flask. If red 
litmus is added to the water in the beaker, 
the colour of the solution is changed to blue 
as soon as the ammonia dissolves. This 
shows that ammonia 1s a base. 
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NITROGEN 4 : HYDROGEN 2 


AMMONIA 
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Synthesis of ammonia: Some of the hydrogen and nitrogen react together to 
form ammonia which is dissolved in water in the absorption tower. The unchanged 


hydrogen and nitrogen 1s re-circulated. 
building it up) from hydrogen and 
atmospheric nitrogen. 

The mixture of hydrogen and nitro- 
gen gases, in the correct proportions 
for the reaction (7.e. three times as 
much hydrogen as nitrogen) is com- 
pressed and passed rapidly over heated 
iron grids in the reactor. Some of the 
gases in the mixture combine to give 
another gas, ammonia. Being a gas 
the ammonia leaving the reactor has, 
of course, to be separated from the 
hydrogen and nitrogen which have 
not combined. This is fairly easily done 
as ammonia is very soluble in water 
while hydrogen and nitrogen are not. 

The iron grids in the reaction 
chamber do not undergo any per- 
manent chemical change, although 
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HYDROGEN AMMONIUM 
CHLORIDE AMMONIA CHLORIDE: 

The two colourless gases, ammonia and 

hydrogen chloride, react to form a white 

cloud of ammonium chloride, which 1s 


really a solid. 


their presence in the reactor is essen- 
tial to the synthesis. Any such sub- 
stance which helps to bring about a 
chemical change without itself under- 
going permanent chemical change in 
the reaction is known as a catalyst. 

Ammonia.is a colourless gas with a 
strong, biting smell. It is lighter than 
air—it can be poured upwards. The 
gas does not burn in air, neither does 
it permit burning. However, if a 
burning taper is dipped into a jar of 
the gas, the flame of the taper is 
surrounded for a short time by a 
large greenish-yellow flame This is 
caused by the decomposition of am- 
monia into nitrogen and hydrogen. 

Ammonia is very soluble in water— 
this is shown in a most striking way 
by the ‘fountain experiment’—and 
household ammonia, which is used to 
soften water used for laundering, is a 
solution of the gas in water. This 
solution is a base—it turns red litmus 
blue—and reacts with acids to form 
the ammonium series of salts. 

If a jar of the colourless gas hydro- 
gen chloride (a solution of this is 
called hydrochloric acid) is placed on 
top of a jar of ammonia, and the 
dividing disc is removed, a white 
cloud of ammonium chloride is 
formed. This is subsequently de- 
posited as a white powder on the 
walls of the jars. 

Ammonium sulphate is probably 
the most important ammonium salt 
as it is widely used in agriculture as a 
nitrogen-containing fertilizer. It is 
obtained from gas-liquor referred to 
above. 


COIL of wire which has an electric current passing 

through it will act as a magnet in any case, but if 
the coil is wound round an iron core then the strength 
of the magnetic effect is very much greater. 

An electromagnet is simply a coil of wire wound on a core 
of soft iron. When an electric current passes through the 
coil the whole behaves as a magnet but when the current 
ceases to flow the electromagnet loses its magnetism 
almost instantly. In other words, the magnetism can be 
‘turned on and off’ by the flick of a switch and this is 
where the value of the electromagnet lies. 

The reason that an ordinary piece of iron is not a 
magnet is that within it are small domains or areas of 
magnetism which behave like ‘small magnets’ themselves. 
These are arranged in closed rings so that the north pole 
of one is neutralised by the south pole of another and is 
not free to attract anything outside. But when an electric 
current flows through a coil of wire it creates a magnetic 
field and if a piece of iron is placed within this field the 
‘little magnets’ inside it will be dragged into chains at the 
ends of which there will be magnetic poles which are free 


to attract iron outside, i.e. it will become a magnet. 
The strength of the magnetic effect can be controlled 
merely by altering the current. 

In every one of the many useful applications, the value 
of the electromagnet depends not simply upon the fact 
that it becomes a magnet when an electric current passes 
through it but also that it loses its magnetism just as 
quickly when the current ceases to flow. Generally 
speaking, metals which respond easily to the influence 
of a magnetic field, 7.e. which are easily magnetized, lose 
their magnetism just as easily while those which are more 
difficult to magnetize retain their magnetism longer. A 
great deal of research has been conducted in an effort to 
find the perfect material for making electromagnets, a 
metal which will gain, lose and regain its magnetism 
instantly under the intermittent influence of a magnetic 
field. Very pure, soft iron has been found suitable for this 
purpose but better results can be obtained by adding to 
the iron small amounts of tin, aluminium, vanadium, 
arsenic or silicon. 

One important industrial use of electromagnets is to 
transport large iron objects and piles of scrap iron from one 
place to another. In this case, when an extremely power- 
ful electromagnet is needed, the coil surrounding the core 
has a large number of turns and carries a large current. 
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ELECTROMAGNETS 


A less impressive, though perhaps more common use of 
electromagnets, is in the electric doorbell, a diagram of a 
battery operated (direct current) type appears on this 
page. The action of pressing the button at the door 
completes a circuit and allows a direct current to flow 
through an electromagnet. This immediately attracts a 


nearby lever (called an armature) towards it. The 


arrangement is such that as the armature moves towards 


the electromagnet a clapper attached to the end of it 
strikes a bell. But the movement of the armature also 
breaks the circuit. The current then ceases to flow, the 
electromagnet loses its magnetism and the armature 
springs back into position. This however completes the 
circuit again and allows a current to flow once more 
through the coil. Thus the whole process is repeated again 
and again at a very rapid speed for as long as the doorbell 
button is depressed. 

An electromagnet in this kind of arrangement can be 
used for a great many other things than simply ringing a 
bell. It can, for example, be made to switch on or off 
a heavier current flowing in a separate circuit. Such an 
electromagnetic switch is known as a relay. Automatic 
telephone exchanges and traffic light controls, for 
instance, are worked by batteries of relays. 
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| ELECTRONICS | 


The 


VIBRATIONS in the air can be 

heard by most people as a sound 
if the number of vibrations per second 
(the frequency) is not less than 20 and 
not greater than 15,000. A micro- 
phone produces electrical ‘vibrations’ 
(usually variations in voltage) which 
have exactly the same frequency as 
the sound vibrations falling on the 


Baste circuit. 


microphone. An audio frequency am- 
plifier is designed to magnify varia- 
tions in voltage which lie within the 
range 20 to 15,000 cycles (complete 
vibrations) per second. 

The basic audio frequency amplifier 
consists of a triode valve, three 
batteries and a resistor. The low 
tension (low voltage) battery is used 
to heat the filament of the valve. The 
grid bias battery is used to keep the 
grid negatively charged, since distor- 
tion and waste of power might result 
if the grid became positively charged. 
The high tension (high voltage) battery 
is used to keep the anode positively 
charged so that it attracts electrons 
from the cathode. The resistor is 
usually a short length of compressed 
carbon, which, as its name suggests, 
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offers resistance to any current passing 
through it. It is connected between 
the anode and the positive terminal of 
the high tension battery, forming 
what is known as the load. 

The input signal (e.g. the variations 
in voltage delivered by a microphone) 
is connected to the grid by way of the 
grid bias battery. The signal is super- 
imposed on the steady voltage of the 
grid bias battery so that the voltage of 
the grid itself varies in time with the 
signal, yet is always negative. Varia- 
tions in the voltage of the grid control 
the current flowing through the valve. 
For when the grid is very negative it 
repels all electrons back to the cathode 
and no current flows. (This is not 
allowed to happen in this simple kind 
of amplifier.) The current flowing 
through the valve, through the load 
resistor, and through the high tension 
battery back to the cathode, varies in 
strength exactly in time with the 
variations in the voltage of the grid. 
A current flowing through the load 
resistor produces a drop in voltage 
across it. In other words the end 
where the current leaves the resistor 
is more positive than the end where it 
enters. The size of the voltage drop 
can easily be calculated by multiply- 
ing the current (in amps) by the 
resistance (in ohms) of the load. 
Variations in the anode current pro- 
duce variations in the voltage drop 
across the load and these voltage 
variations are a replica of the input 
signal. If the load has a high resist- 
ance the voltage variations across it 
will be big, certainly much bigger 
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than the voltage variations of the 
input signal. 

The output of the amplifier is 
simply the voltage across the load. 
This is generally fed to the grid of a 
second valve for further amplification. 
To feed it directly to a loudspeaker 
would not be very satisfactory since, 
although the voltage has been ampli- 
fied, the power (t.e. current times 
voltage) is still very small. 

In the practical audio frequency 
amplifier illustrated opposite, two 
capacitors have been added. Each 
capacitor is basically a pair of metal 
plates separated by an_ insulating 
layer, so it will not allow currents to 
pass through it. It will, however, allow 
voltage variations to pass. The action 


Action of a capacitor. 


of a capacitor is rather like that of a 
rubber sheet stretched across a water 
pipe. The sheet prevents any actual 
flow of water, but because it is elastic 
changes in pressure on one side of the 
sheet are transmitted to the water on 
the other side. (Voltage in electricity 
corresponds to pressure in liquids.) 

If, as is often the case, the input 
comes from the anode of another valve 
(which must of course be connected to 
the positive terminal of its own high 
tension battery), the grid would be 
made positive. The capacitor in the 
grid circuit zsolates the grid from such 
a steady voltage and thus prevents it 
from becoming positive. The capaci- 
tor in the output circuit isolates the 
grid of the next valve from the steady 
positive voltage of the high tension 
battery. 
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| FAMOUS SCIENTISTS | 


Faraday and His Laws of Electrolysis 


Michael Faraday using his apparatus to electrolyse 


ICHAEL FARADAY is one of 
the great names of British scien- 
tific history, with notable achieve- 
ments in the fields of physics and 


chemistry to his credit. Born at 
Newington Butts in Surrey in the 
year 1791, he had little in the way of 
formal education. His father was a 
blacksmith and by the time he was 11 
the young Faraday was apprenticed 
to the bookbinding trade. Reading 
the many volumes on which he was 
working, however, gave him a thirst 
for scientific knowledge. One day he 
went to the lectures of the great Sir 
Humphry Davy and later entered his 
service, first as a manservant, after- 
wards as his secretary. 

Faraday’s interest in chemistry and 
physics grew and by the time he was 
31 he was reading his own scientific 
papers at the Royal Institution in 
London (where Davy worked). He 
was appointed the Director of the 
Laboratory there in 1825 and in 1833 
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water into the gases hydrogen and oxygen. 


he became the Institution’s Fullerian 
Professor of Chemistry, a post which 
he held until his death in 1867. 

Faraday’s talents covered many 
fields. He was the first to liquefy 
chlorine, carbon dioxide and other 
gases. He investigated electromagnetic 
induction. He developed the idea of 
lines of force around a magnet. And 
in many ways the most important 
feat of all, he established his laws of 
electrolysis. 

Electrolysis is a method of splitting 
up a chemical compound by passing 
through it an electric current. Perhaps 
the simplest laboratory experiment 
demonstrating the principle is the 
electrolysis of water (a compound of 
hydrogen and oxygen). By passing a 
direct current through the water (to 
which a small amount of acid has 
been added) bubbles of oxygen and 
hydrogen gases are formed at the 
electrodes (the electrical contacts in 
the water), Electrolysis has a great 


many practical applications to-day, 
for example the electroplating of cut- 
lery with ‘nickel silver’, the electro- 
plating of car bumpers with chrom- 
ium, and the extraction of metals 
such as aluminium from their ores. 

The laws of electrolysis which 
Michael Faraday put forward were as 
follows. First he said that the weight of 
a substance set free during electrolysis 
1s proportional to the size of the current 
which passes and the time for which it 
passes. Secondly, the weight of a substance 
set free during electrolysis 1s proportional 
to the equivalent weight of the substance. 

The first part is not difficult to 
understand. A strong current flowing 
through the electrolyte for a long 
time causes more of the substances 
(e.g. oxygen, hydrogen) to be released 
at the electrodes than would a weak 
current flowing for a short time. 

The second part means that with 
the same current flowing for the same 
time, the amount of the substances 
released will depend on their equiva- 
lent weights. The equivalent weight of 
a substance is the number of units of 
weight of a substance that will com- 
bine with hydrogen weighing one 
unit. In a molecule of water two 
atoms of hydrogen, each weighing 
one unit are combined with one atom 
of oxygen weighing sixteen units. So 
two units of hydrogen are combined 
with sixteen units of oxygen; one unit 
of hydrogen then would combine 
with eight units of oxygen. The 
equivalent weight of oxygen therefore 
is eight, so eight times as much 
oxygen as hydrogen by weight is set 
free during the electrolysis of water. 
The larger the equivalent weight of 
the element involved, the greater the 
weight of it that will be set free during 
electrolysis. 

Faraday was responsible for intro- 
ducing many of the technical terms 
connected with electrolysis. Electro- 
lyte is the liquid through which the 
current is passed. Anode and cathode 
are the names for the positive and 
negative electrodes respectively. These 
terms were invented for Faraday by a 
friend, William Whewell, 
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EGHOES 


OMETIMES when you shout, an 

echo is heard a moment or two 
later as though someone is mimick- 
ing you. Normally when you shout, 
the sound waves leave your mouth 
and travel away into the distance. No 
echo is heard then. But if something 
causes the sound waves to return they 
can be heard as an echo. The sound 
waves forming the echo have been re- 
flected back after a collision with an 
obstacle such as the walls of a build- 
ing or a rock face on a mountainside. 
Sound behaves very similarly to light 
in this respect. When a ray of light 
is directed on to a mirror the mirror 
reflects the light away from it. Light 
travels at such a high speed that this 
reflection seems to be instantaneous. 
Sound travels much more slowly. The 
speed of sound in air is about 1,100 
feet per second. 

If a gun is fired the sound waves 
will travel through the air away from 
the gun at this speed. In one second 
they will have travelled 1,100 feet. 
If they are then reflected by an 
obstacle it will take another second 
for the sound waves to retrace their 
paths so that the echo can be heard 
by the person who fired the gun two 
seconds after firing. Noting the time 
between shot and echo can provide 
a method of finding the distance away 
of the reflecting obstacle. 

Ships which do not carry radar can 
use a similar method of estimating 
very roughly their distance from an 
iceberg or a cliff by sounding the fog- 
horn and listening for the echo to 
return. For example, an echo heard 
10 seconds after the foghorn was 
sounded must have travelled 2 miles 


The water depth is being jotiad + send- 
ing outa high-pitched sound and puipiee a 
its return, 


(sound travels at the rate of roughly. 


1 mile in 5 seconds), so the ship is 1 
mile from a cliff or iceberg. 

An echo sounder for finding the 
depth of water works on the same 
principle. This time a ‘supersonic’ 
sound is given out by an oscillator 
and is reflected back by the sea floor 
to a microphone in the ship’s hull. 
‘Supersonic’ sounds are those with 
too high a pitch to be heard by the 
human ear. They are used in echo 
sounding because they are not ab- 
sorbed as quickly as ordinary sound 
waves by the water. Sound travels 
much faster in water than in air. Its 
speed in water is about 4,800 feet per 
second, over four times its speed in 
air. The information provided by the 
echoes is fed into an apparatus which 
‘translates’ it on to a moving roll of 
paper. 

Under special circumstances more 
than one echo of the same sound can 
be heard. This is called a multiple 
echo. Such echoes grow fainter and 
fainter until they eventually die away. 
This effect occurs when there is more 
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At sea, sound echoes are used to estimate 


very roughly the distance from icebergs by 


finding the time between the sounding of a 
Soghorn and the return of its echo. 


than one reflecting surface from which 
the sound can rebound. With each 
reflection a great deal of the sound is 
absorbed and so the echo grows 
fainter. 

Sound is not always reflected back 
along the same path. It obeys the 
same laws of reflection as light. When 
a beam of light is shone at an angle 
on to a mirror it bounces off again in 
such a way that the angle the incident 
ray makes with the normal is equal 
to the angle of reflection (angle the 
reflected ray makes with the normal). 
If incident sound waves are guided 
along a certain path then they too 
behave like light, with the angle of 
incidence equal to the angle of re- 
flection. 

Hard shiny surfaces are generally 
good reflectors of sound, and soft 
rough surfaces, such as cloth, are poor 
reflectors. A large empty room may 
echo the speaker’s voice, but probably 
there will be no noticeable echo when 
the room is full of people whose 
clothing absorbs a _ considerable 
amount of the sound. 


The ticking of the watch is loudest when 
the tubes are arranged so that the angle 
of incidence (i) is equal to the angle of 
reflection (r). 
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| PHYSIOLOGY 


MUSCLES and EXOSKELETONS 


VERTEBRATES have an inner or 

endoskeleton, to the outside of which 
the muscles are attached. The skeleton 
is jointed and the muscles are so 
arranged across the joints that, when 
they contract, parts of the skeleton 
are moved. Arthropods have a jointed 
outer- or exoskeleton, to the inside of 
which the muscles are attached. The 
muscles are also arranged across the 


A highly magnified view of striped muscle 
from an insect. There 1s much variation in 
the pattern of the stripes in insect muscle. 
(Right) Two ways in which the muscles of 
an insect may be attached to the exoskeleton. 


joints so that their contractions move 
parts of the skeleton. 

Most molluscs have an exoskeleton 
but this is not jointed like that of 
arthropods. In the bivalve molluscs 
the shell consists of two halves which 
are joined by a hinge. Some (e.g. 
scallops) are able to contract very 
rapidly the muscle which draws the 
shell parts together, forcing out water 
and moving the animal about. In 
others (e.g. mussels) the muscles 
merely hold the two parts of the shell 
together for protective reasons. In 
snail-like molluscs the muscle at- 
tached to the shell serves to draw the 
animal into its shell. It is no aid in 
locomotion. In fact most molluscs are 
only able to creep about slowly on a 
flat, muscular organ called the foot. 

Striped (fast) and unstriped (slow) 
muscles are found in invertebrates 


(animals without backbones) just as 
they are found in vertebrates. Partly 
striped muscles—muscles in which 
only the central parts of the muscle 
fibres are striped—are fairly common 
and they contract rather slowly. 

In the majority of the groups of in- 
vertebrates most of the muscles are 
unstriped. But the swimming muscles 
of the bell-shaped medusae of jelly- 


INFOLDING 
OF THE 
CUTICLE 


fishes are striped, and striped muscle 
is found in worms, and is common in 
molluscs. Nearly all the muscles of 
octopuses are striped, for example. 
They are, of course, very active 
creatures and it will be remembered 
from the previous article (“Muscles 
for Movement’, Issue 18, page 282) 
that striped muscles are able to con- 
tract and relax rapidly. In arthropods 
nearly all the muscle is striped. 

The action of the muscles in the 
simpler invertebrates (e.g. Hydra, jelly- 
fish) has been discussed already (see 
Issue 6, page 84). This article is con- 
cerned with invertebrate animals 
with exoskeletons—the arthropods 
and most molluscs. The most active 
arthropods are the insects—most of 
which are able to walk and fly and 
some of which are able to swim 
rapidly in water. The wing muscles 


of insects are able to contract and 
relax with extraordinary rapidity— 
faster than the muscles of any other 
animals. A housefly has a wing beat of 
over three hundred beats per second. 

The muscles of the hind part of an 
insect’s body (the abdomen) are often 
well developed. If you watch a wasp 
at rest the walls of the abdomen can 
be seen to move rhythmically in and 
out. This movement draws air in and 
out of the wasp’s breathing tubes. 
The inward movement is produced 
by some of the abdominal muscles 
contracting. The outward movement 
occurs when these muscles relax and 
is due to the natural elasticity of the 
plates of cuticle forming the walls of 
the abdomen. 

The openings of the breathing tubes 
(spiracles) are closed by muscles in 
some instances. In locusts, for ex- 
ample, the spiracles of the middle 
region of the body (thorax) each have 
a muscle. When this contracts the 
spiracle is closed, and when it relaxes 
the elasticity of the cuticle keeps the 
spiracle open. In a bee the spiracles 
of the abdomen each have two mus- 
cles, one of which opens the spiracle 
and the other of which closes it. 

The mouthparts of insects often 


A diagrammatic section across an arthropod 
showing how the muscles which move the 
limbs are attached both to the limbs and to 
the body skeleton. 


have well developed muscles. Some 


sap-sucking insects have muscles 
which drive their pointed sucking 
tube into the stems of plants. Other 
muscles then work the part of the 
gut into which the mouth leads (the 
pharynx) as a pumping device to suck 
up the juices of the plant. The pierc- 
ing mouthparts of female mosquitoes 
achieve similar results, sucking up 
blood. In other insects (e.g. fleas) the 


The arrangement of the muscle to a thor- 
acic spiracle of a locust. When the muscle 
relaxes (left) the spiracle opens and when 
it contracts (right) the spiracle closes. 


the muscles contract the animal is drawn 
forward with the shell. The distance that 
the foot can be pushed out varies consider- 
ably. Mussels, which are not very active 
molluscs, have a small foot which cannot be 
extended very far, but in the swan mussel 
(Anodonta), which is more active, the foot 
is much larger and can be extended further. 
Many bivalves burrow in sand and mud, 


- Diagram showing the indirect 
—~» muscles which operate the front 
-, left wing of a bee. (Inset) 
The figure-of-eight movement 
made by a wing as it is raised 
and lowered. 
muscles operate the mouthparts as 
biting instruments. 

In crabs, lobsters and crayfish the 
first pair of legs are specially modified 
as pincers for grasping. The muscles 
of the pincers are of interest in that 
they contain two sets of fibres. One 
set is able to contract rapidly, closing 
the pincers to a certain extent. The 
other set of fibres by prolonged (tonic) 
contraction holds them in position; 
thus prey can be held for long periods 
of time if necessary. 

The muscles of arthropod limbs 
are arranged in opposing sets called 
flexors and extensors. The former bend 
the limbs at the joints, while the 
latter extend the limb. Muscles at- 
tached to the cuticle of the body and 
to the base of the limbs contract to 
move the limbs as a whole as when 
the animal is walking. 


forcing their way into these with the foot 
and drawing the shell into the burrow 
made. The razor shell (right) can also move 
by drawing in its foot and shooting water 
through the other end of its shell. . 

In many snail-like molluscs the muscle 
fibres of the foot contract rhythmically. 
Waves of contraction pass along the foot 
as the animal moves along. 


Wing Muscles 


LENGTHWISE 
MUSCLES 
CONTRACTED | 


The wing muscles are of two main types. | 
These may be called direct and indirect | 
muscles. The former are attached to small | 
moveable plates of cuticle at the bases of | 
the wings and the latter are fixed to the 
body wall. The direct muscles may be re- 

| garded as the fine adjusters of flight; they 
|control the angle at which an insect flies | 
and the direction of flight. They contract 
| and relax slowly. The indirect muscles are | 
|the power suppliers. They contract and | 
jrelax with great speed. Basically they can } 
| be regarded as two major sets of muscles, | 
)each set working against the other so that | 
| when one contracts, the other relaxes and | 
| vice versa. One set is arranged vertically, 
jat either side of the body, the other is 
| arranged along the length of the body and 
| between the vertical muscles (see illustra- 
| tion). When the lengthwise muscles con- 
tract and the vertical muscles relax the 
|) upper part of the body wall (tergum) is 
| arched upwards and the wings are lowered. 
| Contraction of the vertical muscles and 
| relaxation of the longitudinal ones flattens 
| the tergum and the wings are raised. In 
| butterflies and moths, bees and wasps, and 
| two-winged flies (e.g. flies and mosquitoes) 
| the indirect muscles are responsible for 
| producing most of the movement. The | 
| direct muscles (they are attached to the | 
| wing bases) fold the wings when the insect 
| is at rest and alter the angle of the wing | 
lin flight. 
| In dragonflies the direct muscles are 
} more important than the indirect muscles 
in lowering and raising the wings in flight. 
| During a complete up-and-down move- 
| ment of a wing any point on the wing maps 
| out a figure of eight in relation to the base 
iS the wing (see illustration). The wing | 


+ 


does not beat up and down at right angles | 


| to the length of the body. As it is lowered 
| it is also moved forwards—and as it is } 
jraised so it is also moved backwards. 

| During the down stroke the wing is tilted | 
| so that the leading edge is lower than the | 
| trailing edge. During the up stroke the 

| trailing edge is held lower. | 


These diagrams show how the muscular 
foot of a burrowing bivalve, the razor shell, 
is used to burrow. 
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| OPTICS 


THE CAMERA 


To take a photograph of a tree thirty feet high using a pinhole 
camera and obtain an image on the film about two inches high 
the photograph must be taken about ninety feet away from the 
tree. Close-up pictures of large objects are impossible. 


The lens of this box camera gathers up the light rays leaving 
the distant tree to form a sharp image on the film at the back 
of the camera. 


Box camera with lens of short focal length. Although the two 
objects are some distance apart, the two images are very close 
together. This trick is used in the box camera so that it will 
focus clearly over a large range without moving the lens. 


The portrait attachment for a box camera is an additional con- 
verging lens. The combination of two lenses bends the light 
more sharply so that a near object can be photographed. 
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CAMERA is little more than a 

light-tight box with a hole in the 
front and a roll of light-sensitive paper 
at the back on which the picture of 
objects in front of the camera can 
fall. Afterwards, the film can be de- 
veloped and prints can be made from 
the negative (the developed film). 

This is the basic camera, but cam- 
eras are, of course, more complicated 
than this. Additional modifications 
are added to improve the quality of 
the picture. Nevertheless, it is possible 
to take a quite reasonable photograph 
using this very simple type of pzn- 
hole camera. When the photograph is 
being taken, light can enter the 
camera through the small hole in the 
front of the box. When not in use, 
this hole can be sealed off with a 
piece of black sticky tape. Rays of 
light either from the sun or from an 
artificial source strike the object being 
photographed and are then reflected 
away from it. Light cannot turn 
corners. The rays travel on in the 
direction in which they have been 
reflected. Some of these rays enter 
through the pinhole in the camera. 
Rays from the top of the object will 
hit the bottom of the film and those 
from the bottom of the object will 
hit the top of the film. In this fashion 
an inverted image is formed on the 
film. To get a clear image the pin- 
hole must be small, and as it is so 
small very little light can enter to 
affect the film. The pinhole must then 
be left open for several minutes (long 
exposure) for sufficient light to enter 
the camera. Distant, immovable ob- 
jects are the best subjects for this type 
of photography. Sharp pictures can 
only be obtained for stationary dis- 
tant objects under fairly bright con- 
ditions. 

It is not always convenient to have 
the film exposed for such a long time. 
When people are being photographed 
they find it difficult to stand still for 
long and the slightest movement will 
show as a blur on the picture. In the 
box camera a converging lens which is 
about one third of an inch in dia- 
meter is mounted inside the aperture 
(opening) to gather the light rays 
coming from the object and focus 
them on the film at the back of the 
camera. The distance between the 


The Camera: 
Here rays of light are shown passing 
through the lens forming an image on the 
film at the back of the camera. 


lens and the film is fixed and is equal 
to the focal length of the lens (i.e. the 
distance from its lens to its principal 
focus). This means that rays from 
very distant objects will converge on 
the film, but rays from near objects 
will tend to converge behind the film. 
So photographs at close range cannot 
be taken without using an additional 
‘portrait’ lens. 

The size of the lens opening (aper- 
ture) can also be controlled, for it 
needs to be larger on a dull day than 
on a bright day. 

Changing the aperture size does 
not affect the size of the image. A 
very small aperture, however, en- 
ables both near and distant objects 
to form a sharp image. Also, when 
the aperture is small only the central 
portion of the lens is in use, so the 
lens defect known as spherical aber- 
ration is avoided. 

The shutter mechanism controls 
the length of time the film is exposed 


The diaphragm which is made of over- 
lapping leaves controls the amount of 
light entering the camera and stops the 
outer rays from passing through the lens. 
This also cuts down distortion of the 
image due to spherical aberration. 


f/2-8 


: f/5-6 
LARGE APERTURE 
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to the light rays. A variable shutter 
is often provided and usually consists 
of three spring-loaded metal leaves 
which rapidly open and close again 
to uncover the lens when the shutter 
release is pressed. By increasing the 
tension of the springs a shorter ex- 
posure can be obtained. 

The box camera with its fixed lens- 
to-film distance is by no means per- 
fect. A much better arrangement en- 
ables the distance between the lens 
and the film to be adjusted according 
to the position of the object. This 
allows a sharp image to be formed on 
its film no matter whether its object 
is 3 ft. or 300 ft. from the lens. 
‘Focusing’, as this adjustment is called, 
is usually done by screwing the lens 
towards or away from the film. Any 
defect with this type of camera will 
mainly lie in the lens. 

However carefully a lens has been 
made it will always suffer from some 
defects or aberrations. In the more 
expensive cameras this is dealt with 
by having, instead of just one lens, a 
unit consisting of several lenses, skil- 
fully designed and arranged to cor- 
rect each other’s inaccuracies. Such 
a system of lenses should give an un- 
distorted image which is sharp all 
over. 


DIAPHRAGM 


fil f/22 
SMALL APERTURE 


The diaphragm can be adjusted to alter the size of the aperture. A large aperture is used 


on a dull day and a small one on’a bright day. 
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2 MOLECULES OF 
SILVER NITRATE 


CHEMICAL REACTIONS | 


IN reversible reactions, the products 
of the reaction break down to give 
once again the substances from which 
they were originally formed. This 
break-down occurs almost as easily 
as the formation of the new sub- 
stances. In contrast, there are many 
more reactions in which there is no 
such break-down. Once the original 
substances have been mixed and have 
reacted, there is no tendency for a 
return to the substances from which 
they have been formed. These are 
known as zrreversible reactions. 
When a colourless solution of silver 
nitrate is added to a solution of potas- 
sium chromate (yellow), the colour 
of the mixture is immediately changed 
to brick-red due to the formation of 
silver chromate. As silver chromate 
does not dissolve in water it shows up 
as a fine brick-red powder as soon as 
it is formed. Such a powder which is 
formed by a chemical reaction in 
solution is called a precipitate. The 
other product of this reaction is 
potassium nitrate, which is colourless 
and remains in solution. But if the 
two compounds that have been cre- 
ated by the reaction are put together, 
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| MOLECULE OF 
POTASSIUM CHROMATE 


2AgNO, + K,CrO, —> Ag,CrO, + 2KNO, 


| MOLECULE OF 


SILVER CHROMATE 


POTASSIUM NITRATE 
(IN SOLUTION) 


SILVER CHROMATE 
(PRECIPITATE) 


2 MOLECULES OF 
POTASSIUM NITRATE 


The formation of silver chromate, from silver nitrate and potassium chromate. This reaction 
only proceeds from left to right. It is an irreversible reaction. 


Reversible Reactions and 


nothing happens—the reaction does 
not reverse. When silver chromate is 
shaken up in a solution of potassium 
nitrate, no colour change is seen— 
no potassium chromate has been 
formed. Thus the formation of silver 
chromate from silver nitrate and 
potassium chromate is said to be an 
irreversible reaction, because it only pro- 
ceeds in one direction. 

Subject to the reacting substances 
being mixed in the correct propor- 
tions—twice as many molecules of 
silver nitrate as of potassium chro- 
mate—neither of these substances 
will be present in the solution after 
the reaction has taken place. All will 
have combined to form silver chro- 
mate and potassium nitrate. 

In the manufacture of ammonia 
by the Haber process, two molecules of 
ammonia are formed when three 
molecules of hydrogen react with one 
of nitrogen, but even if the ratio of 
hydrogen to nitrogen molecules in the 
mixture is correct, there will always 
be some of these elements remaining 
in the gaseous mixture long after the 
two gases were first put together. 
This is because ammonia has a ten- 


dency to split up again into hydrogen 
and nitrogen, so that no sooner has 
some ammonia been formed than it 
begins to decompose. Such a reaction 
is said to be reversible. The result is 
that a mixture of hydrogen, nitrogen 
and ammonia is produced. The same 
mixture can be obtained whether one 
starts from nitrogen and hydrogen, or 
from ammonia (for ammonia will de- 
compose into its constituent elements 
when heated sufficiently). 

In the synthesis (building up) of 
ammonia, that gas is at first formed 
much more rapidly than it can de- 
compose (break down), but as time 
passes the rate of formation of am- 
monia slows down, while its rate of 
decomposition increases, until eventu- 
ally the rate of formation is equal to 
the rate of decomposition. So no 
more ammonia can be obtained by 
letting the reaction go on longer. 
When this stage has been reached, 
the mixture of gases is said to be 
in equilibrium. 

In the commercial preparation of 
ammonia by synthesis, the mixture of 
gases is passed over heated iron. The 
iron catalyst (which does not itself 


undergo permanent chemical change 
in the reaction) helps the reaction 
along by increasing the rate of for- 
mation of the ammonia. The presence 
of the catalyst does not, however, alter 
the final percentage of ammonia 
obtained, because the rate of decom- 
position of ammonia has been in- 
creased by the same amount as the 
rate of formation. Thus the yield of 
the reaction is the same as would be 
achieved without the catalyst, but it 
is achieved ‘much more rapidly with 
its aid. 

In this and a number of similar 
reactions involving gases, the per- 
centage yield (i.e. the proportion of 
ammonia in the gas leaving the re- 
actor) can actually be varied by 
changing the pressure and tempera- 
ture at which the reaction takes 
place. The production of ammonia 
from hydrogen and nitrogen is accom- 
panied by an increase in temperature 


of the four molecules (1 of nitrogen 
and 3 of hydrogen) of which they are 
formed. This is the reason for apply- 
ing pressure to increase yield. The 
reverse reaction will take place more 
easily if the pressure decreases and 
makes room for two extra molecules. 
It is possible, therefore, to increase 
the proportion of ammonia formed 
by carrying out the reaction at a high 
pressure (sometimes as much as 1,000 
times the normal pressure of the 
atmosphere) and at a comparatively 
low temperature (500°C.) because 
the ‘forward reaction’ (i.e. the for- 
mation of ammonia) is aided by the 
removal of heat. 

The ‘equilibrium’ of a reaction (and 
the percentage yield) can also be 


The synthesis of ammonia from hydrogen 
and nitrogen, using an tron catalyst. This 
is a reversible reaction. The catalyst only 
alters the rate of the reaction. It does not 
alter the equilibrium. 


Chemical Equilibrium 


and a reduction in volume—four 
molecules of the reactants give two 
molecules of ammonia. As four mole- 
cules of any gas at the same tempera- 
ture and pressure occupy the same 
space, the two molecules of ammonia 
formed occupy only half the volume 


LIMESTONE WASTE 


GASES 


disturbed if it is possible to remove 
one of the products of the reaction 
easily. This is particularly true if the 
substances involved are in different 
physical states (e.g. a gas and a solid). 
Such is the case in the production of 
quicklime (calcium oxide) by lime- 
burning. 

Limestone (one form of calcium 
carbonate) is heated in a shaft-kiln to 
a temperature of 800°C. or more and 
carbon dioxide gas is given off, 
leaving the quicklime behind. In the 
modern continuous process the cal- 


The decomposition of limestone into quick- 
lime and carbon dioxide. This reaction 1s 
reversible, but the equilibrium 1s upset by 
the removal of carbon dioxide. Thus, under 
these controlled conditions, the reaction pro- 
ceeds from left to right. 


cium carbonate is usually heated by 
burning producer gas (a mixture of 
carbon monoxide and _ nitrogen). 
Although this is also a_ reversible 
reaction, the carbon dioxide is con- 
tinuously removed to the top of the 
kiln with the hot gases obtained by 
burning the producer gas. This pre- 
vents the reverse reaction (the re- 
formation of calcium carbonate) from 
taking place, because the carbon 
dioxide is no longer in contact with 
the quicklime, so the decomposition 
of limestone goes to completion. 

The lime which is used in agricul- 
ture and in the building trade is more 
commonly known as slaked lime (cal- 
cium hydroxide). As the name im- 
plies, slaked lime is obtained by 
slaking (adding water to) quicklime. 
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The Spectroscope 


AINBOWS are seen only under 
special conditions. Ordinarily the 
Sun’s light has no colour, but under 
special conditions it is split up into 
its component lights of various colours 
to give an attractive rainbow. This 
happens because sunlight is made up 
of many different types of light, each 
type with its own colour and own 
wavelength. Red light has a longer 
wavelength than violet light, which in 
turn has a different wavelength from 
blue light. Normally the different 
types of light are mixed up together 
and the general effect is of white light. 
Isaac Newton was the first man to 
separate white light into its indivi- 
dual colours experimentally. He did 
this by allowing a ray of sunlight to 
fall’ onto one side of a triangular glass 
prism. The light coming from the 
prism formed a ‘rainbow’ on the op- 
posite wall. Although he did not 
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know it, he had made the simplest 
type of spectroscope for splitting light 
into its component colours arranged 
in order according to their wave- 
lengths. 

This type of splitting makes a very 
interesting demonstration but is of 
little use because the separation of 
the colours is not complete and one 
colour runs into another. Modern 
spectroscopes, although they still use 
the prism to split the light, have 
certain modifications to make the 
splitting more complete. A_ special 
screen is put in front of the light 
source to control the light falling on 
the prism. In the screen is a very 
thin parallel-sided slit which allows 
only a thin ‘sliver’ of light to pass 
through. The slit width is adjustable. 
The illuminated slit is the object 
under observation in the spectro- 
scope and the light shining on it is 


COLLIMATING 
LENS 


COLLIMATOR ARM 
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the light being examined by the spec- 
troscope. A system of lenses (corrected 
for chromatic aberration and other 
defects), called a collimator, is placed 


so that the slit is at its focus. This 
makes all the individual beams in 
the slit of light parallel to each other 
on leaving the collimator. The beam 
of parallel light rays falls on the 
prism. The light is bent or refracted 
on entering the prism and again on 
leaving it. Light of long wavelength 
(e.g. red light) is bent least; light of 
smaller wavelength (e.g. violet light) 
is bent more sharply. Bands of coloured 
light fan out from the prism and each 
type of light is brought into focus by 
a converging lens similar to a camera 
lens. Each type of light present is 
made to form a real image of the slit 
in its own colour. As the original 
object slit is so thin its image for, 
say, blue light is a thin blue line. If 
the object slit had been curved, then 
the image would also be curved, but 
in practice this is never done and the 
line-shaped images are often spoken 
of as spectrum lines. A telescope eye- 


The electric arc acts as a source of 
white light, some of which enters 
the collimator arm of the spectro- 
scope where all the rays are made 
parallel to each other. The rays are 
separated by the prism according 
to their colour and wavelength, and 
the spectrum obtained is brought 
into focus on a translucent glass 
screen. This screen will be replaced 
later by a photographic plate or 
film. Spectra of elements can be 
found similarly, but these will be 
coloured lines, not continuous 
bands of colour. 


CONDENSING LENS 
TO CONCENTRATE 


LIGHT ON SLIT ELECTRIC ARC 


ACTING AS 
LIGHT SOURCE 
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Absorption and Emission Spectra 


Hydrogen, the atom with the least electrons, has the simplest spectrum. An atom with more electrons will have a more complicated spectrum. When an atom 
is heated, its electrons can absorb ‘packets’ of energy which allows them to jump out to another shell where the electrons are more ‘energetic’. The atom is said 
to be inan excited state. On cooling, the electrons can jump back into their original positions, and in doing so each electron emits light of a particular wavelength. 
This light can be analysed to find the emission spectrum of the element. 

Certain elements give out certain wavelengths of light during emission. When light falls on an element it can absorb light of the same wavelengths as it emits 
when it is excited. This is called absorption. It is possible to obtain both the emission spectrum and the absorption spectrum of an element. The absorption spec- 
trum will be a range of colour with black lines indicating the wavelengths of light which have been absorbed by the element and which therefore show as ‘holes’ in 
the complete spectrum—black being the absence of light. These black lines correspond exactly to the coloured lines in the emission spectrum. The emission spectrum 
will be black (i.e. an absence of light of wavelengths not emitted by the particular element), with coloured lines indicating particular wavelengths of light. There are 
certain dark lines or missing wavelengths in the spectrum of the Sun. These dark lines are called Fraunhofer lines and are named after Joseph von Fraunhofer, the 
German scientist who discovered them. They are caused by the presence of certain elements in the gases surrounding the Sun which are cooler than the Sun. They 
absorb the energy they need to make them excited from the Sun’s rays and in doing so make gaps in its spectrum. By examining the spectra of individual elements it 
was possible to discover the elements responsible for these gaps. 


The Use of the Spectroscope 


The spectroscope has great uses in astronomy. The spectra of stars give considerable information about the gases surrounding them. In some cases where there 
should be only one line missing, there are in fact two very close together. This splitting is due to the magnetic effect of the star and so the spectrum can be used 
to discover information about the magnetic fields of stars. Sometimes the spectrum lines have been moved up a little either towards the red or towards the 
violet end of the spectrum. From this shift the speed and direction of travel of the star can be calculated. Spectroscopes are also used in chemical analysis, where 
spectrum lines can reveal the presence of certain elements and of certain groups of elements in molecules. 

A good spectroscope should be capable of producing two separate spectrum lines for two wavelengths which differ only slightly. It should space these two lines 
as far apart as possible instead of blurring and overlapping them. If an extremely fine mesh or grating is used in place of the prism then better separation of lines is 
obtained. The lines produced by a grating, however, are not usually as bright as those produced by a prism. 


piece can be used to view the images 
or a photographic plate used instead. 
When a photographic plate is used 
the instrument is a spectrograph. 

In practice the collimator is housed 
in a tube with the object slit at one 
end and the other end directed to- 
wards the prism. This is called the 
collimator arm of the apparatus. The 


prism is placed on a turntable and 
the image is viewed through the 
movable telescope arm of the appa- 
ratus, a tube housing the focusing 
lens and the eyepiece. The light 
source is placed in front of the slit. 

If any element is made hot enough 
to be incandescent and is then used 
as a light source to be analysed by a 


spectroscope, several lines correspond- 
ing to light of particular wavelengths 
will be seen through the telescope. 
For a particular element the picture 
will always be the same. Each ele- 
ment has its own characteristic spec- 
trum. A man can be identified by 
his fingerprints; an element can be 
identified by its spectrum. 
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In a reciprocating steam engine the expan- 
sion of steam in a cylinder pushes back the 
piston. At the end of each stroke a sliding 
valve reverses the direction of the steam 


flow. 


SZ. 


on 
Superheater tubes are often used to heat the 
steam to remove particles of water in it. 
They lead the steam back through the path 
of the flames so that it 1s twice heated and 
able to expand more. 
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(Above) Diagram of a marine triple ex- 
pansion steam engine, where steam passes 
from the high pressure cylinder to the inter- 
mediate cylinder and then to a low pressure 


cylinder before it 1s allowed to escape. 


(Below) A cut-away view of a steam 
turbine. The engine uses a jet of steam to 
play against the turbine blades, causing 
them to rotate at great speed. In this 
example the steam that has passed through 
the high pressure turbine is then used to 
drive a low pressure turbine. 


HEAT ENGINES 


A CONTAINER full of compressed gases is a storehouse of energy which 

can be made to perform useful work as the gases are progressively released 
and allowed to expand. But when complete expansion of all the gases in the 
container has been effected, no energy is left to do work. A heat engine—a 
machine for converting as much as possible of the heat energy stored in a fuel 
into mechanical energy—is a combination of two functions: first, to provide 
a continuous supply of compressed gases, and second, to provide a means of 
converting the energy in the compressed gases into useful work. 


In the ordinary four-stroke petrol engine, 
air in which a fine spray of petrol has been 
mixed is sucked into the cylinder by the 
downward movement of the piston (the 
inlet stroke) and is compressed on the up- 
ward (compression) stroke. At the top of 
the stroke the fuel-air mixture is ignited by 
an electric spark and, burning rapidly (al- 
most exploding), forms high pressure gases 
which expand and push the piston down 
(the power stroke), and are then expelled 
from the cylinder on the piston’s upward 
movement (the exhaust stroke). The cycle 
of four strokes is completed in two revolu- 
tions of the crankshaft. 

A four-stroke diesel or compression- 
ignition engine has a similar sequence of 


Reciprocating Steam Engines 

The simplest form of heat engine 
is the reciprocating steam engine in 
which a piston is pushed to and fro in 
an enclosed cylinder by the expansion 
of high pressure steam. The steam is 
produced by evaporating water in a 
boiler heated by a furnace in which 
a fuel, such as coal or oil, is burnt. 
The admission of steam to the cylin- 
der is controlled by a valve which 
opens when the piston is at one end 
of its stroke, remains open for a short 
period to admit the required amount 
of steam which starts to push the 
piston along, then closes to allow the 
steam to expand and push the piston 
to the opposite end of the cylinder. 
This process is then repeated with 
steam admitted against the other side 
of the piston to push it back along 
the cylinder, and an exhaust valve 
opens to allow the used steam to 
escape. This is known as ‘simple 
expansion’ and is the method usually 
employed in steam locomotives. 

However, the exhaust steam still 
contains a considerable amount of 
pressure (and therefore energy), as it 
has not been fully expanded in the 
cylinder, and this remaining energy 
is wasted. To offset some of this loss, 
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events but a different method of ignition. 
Air is sucked in (or forced in by a super- 
charger) on the inlet stroke and compres- 
sed on the compression stroke. At the top 
of the stroke a spray of fuel-oil is injected 
into the cylinder and immediately begins 
to burn rapidly, ignited by the highly com- 
pressed air whose temperature is higher 
than the spontaneous-ignition temperature 
of the fuel. The combustion gases expand 
and push the piston down (power stroke) 
and are expelled on the upward (exhaust) 
stroke. These engines are extensively used 
as the power units in railway locomotives, 
as well as for ship propulsion and for a 
variety of industrial and agricultural pur- 
poses. Their power range extends from 


locomotives have been built in which 
the partly expanded steam from the 
high pressure cylinder is put to work 
in a low pressure cylinder before 
being allowed to escape into the 
atmosphere. This is known as ‘com- 
pound’ or ‘double expansion’. 

A further development, extensively 
used at one time in power stations 
and for ship propulsion, is ‘triple ex- 
pansion’ in which steam passes from 
the high pressure cylinder to an inter- 
mediate pressure cylinder and then 
to a low pressure cylinder before being 
allowed to escape, by which time 
little pressure remains to be wasted. 


Steam Turbines 

A more efficient method of using 
the energy in high pressure steam is 
to let it expand across the successive 
rows of blades in a turbine, causing 
them to rotate at high speed. A 
power station plant may have high 
pressure, intermediate pressure and 
low pressure turbines to extract as 
much energy as possible from the 
steam before it is exhausted to the 
condenser to be condensed into water 
for re-use in the boiler. 

When steam (or any other gas) 
escapes to the atmosphere it has to 


push aside the air at the end of the 
exhaust pipe or chimney. As atmos- 
pheric pressure is about 14:7 lb. per 
square inch this means that the pres- 
sure left in the exhaust steam must 
be slightly more than this figure—in 


INLET STROKE 


small units developing 25 to 30 h.p. up to 
huge engines for ship propulsion producing 
as much as 2,000 h.p. per cylinder. 

A variation of the four-stroke principle 
is the two-stroke engine in which the cycle 
of operations is completed in one revolu- 
tion of the crankshaft. In a petrol engine, as 
the piston is forced down the cylinder by 
the pressure of the burning gases, a port 
is uncovered through which the exhaust 
gases stream. Further downward move- 
ment of the piston uncovers the inlet port 
allowing the fuel-air mixture, which is 
under pressure in the crankcase from the 
downward movement of the piston, to be 


other words, there is a ‘back pressure’ 
equal to atmospheric pressure. By 
rapidly condensing the steam into 
water in air-tight condensers a high 
degree of vacuum is formed (water 
takes up less space than its equivalent 
mass of steam), so there is practically 
no back pressure, with a correspond- 
ing increase in efficiency. In addition, 
of course the water, having just been 
condensed from steam, is still very 
hot and when taken to the boiler 
requires less heat to evaporate into 
steam again. 


TURBO-JET ENGINE 


COMPRESSION STROKE 


Internal Combustion Engines 

As distinct from  steam-driven 
machines, for which the compressed 
gases (steam) are produced separately 
by burning fuel in the furnace of a 
boiler, internal combustion engines, 


POWER STROKE EXHAUST STROKE 
forced into the cylinder. A special ridge 
across the piston head deflects the in- 
coming mixture up the cylinder. As the 
piston rises again the mixture is compres- 
sed, ignited by a spark, and the cycle re- 
peats itself. A two-stroke diesel engine is 
similar in operation except that, after the 
exhaust port is uncovered, valves in the 
cylinder head open to admit air, under 
pressure from a supercharger, which fills 
the cylinder, scavenging it by chasing out 
the last of the exhaust gases. At the top 
of the piston up-stroke fuel-oil is injected 
which is ignited by the high temperature 
of the compressed air. 


The sequence of working of a two-stroke 
petrol engine. (Left) Upward compres- 
ston stroke. (Centre) Downward power 
stroke. (Right) Lower part of downward 
stroke where spent gases are expelled and 
Sresh fuel enters the cylinder. 


TURBO-PROP ENGINE 


EXHAUST VALVE 
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Cut-away of cy inder of four-stroke petrol 
engine, Showing the position when the 
gases have been ignited by the spark plug. 


as their name implies, produce the 
necessary gases by burning their fuel 
inside themselves. The petrol engine 
and the diesel engine are the most 
common types, but strictly speaking 
the gas turbine also falls into the 
same category. In each case com- 
bustion gases, formed by burning fuel 
in compressed air, expand rapidly to 
release their energy. 


Gas turbine engines of all types also work on the principle of using the expansion in compressed gases to provide energy, the air being 
compressed in a rotary compressor. (See General Science article. number 16.) In a turbo-jet engine fuel is burned in the compressed air pro- 
ducing high pressure gases which expand to some extent in the turbine (needed to drive the compressor) before being exhausted out of 
the tail pipe. By reaction the engine and aircraft are propelled in the direction opposite to that of the exhaust gases. 

A turbo-prop engine uses a very large turbine to drive an air-screw on the same shaft. It extracts as much energy as possible from the 
expansion of hot gases so that very little pressure remains in the gases when they escape. 
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CAPACILORS 


D.C, !naDC circuit a surplus of electrons put on to atoms in one terminal 
and a deficiency in the other will be remedied by the flow of elec- 
trons along the circuit to balance things. But this cannot happen 
if there is a break in the circuit: 
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ATOMS SHORT OF 
ATOMS WITH A 

SURPLUS OF ELECTRONS ELECTRONS 
Close the switch and complete the circuit and the electrons will 


flow until atoms at both terminals have the proper amounts of 
electrons. 
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If another break occurs in the circuit no electrons can flow, though 
there may be a tendency for them to pile up on one side of the 
break: 


@eeo—__1 98908 —<cco 


Broaden out the edges of the break into two facing plates and 
there will be a situation where surplus electrons pile up on one 
plate (negative charge), facing atoms deficient in electrons on the 
other plate (positive charge). Neither is able to get at the other. 
This is a CAPACITOR. 
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A.C. IF AN AC VOLTAGE IS PLACED ACROSS A CAPACITOR: 
Electrons at first rush from the surplus side onto the near plate of 
the capacitor (current flows), but the rate of arrival of electrons 
scycie on the plate slows down as electrons find it difficult to find a place 

on the plate. The pressure exerted across the uncrossable capacitor 
x forces electrons to leave the balanced atoms of the far plate and 

move along the circuit into the electron-lacking atoms of the far 


x terminal. 


SURPLUS OF ELECTRONS 
PLACED HERE BY AC VOLTAGE 


ELECTRONS MOVE ON TO PLATE 


ELECTRONS 
MOVE AWAY 
FROM PLATE 


The second 4 cycle of AC voltage across the circuit puts surplus 
electrons on the right-hand terminal, a lack of electrons on the left- 
hand terminal. The result is now a flow of electrons in the opposite 
direction. Electrons rush to find places on the right-hand plate of 
the capacitor, and the pressure exerted by this pushes electrons 
out of the left-hand plate, to move into the electron-lacking atoms 
of the left-hand terminal. To-and-fro surges of current in the circuit 
SOND are caused by the AC voltage although the capacitor makes a break 


in the conductor circuit. 
e006’ 


SURPLUS OF ELECTRONS 
PUT HERE BY AC VOLTAGE 


ELECTRONS 
MOVE ON TO PLATE 


ELECTRONS TAKEN 
AWAY BY AC VOLTAGE 


i ELECTRONS MOVE AWAY 
FROM PLATE 
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While DC voltage has only a single one-way ‘pressure effect’ to the 
circuit beyond a capacitor, that is of little use in electronics; an 
AC voltage can cause a continuous reflection of its to-and-fro 
current in the circuit beyond a capacitor. It can be compared to a 
water pipe where the second piston can be made to reflect the 
movement of the first, although there is no movement of water 
through the diaphragm. 


THIS PISTON IS 


TO AND FRO MOTION 
MADE TO MOVE TOO 


OF PISTON 


DIAPHRAGM 
MOVES OUT 


AC_VOLTAGE CAUSES CAPACITOR 


ALTERNATING CURRENT | 


The build-up of charge on a capacitor (i.e. electrons arriving on 
one plate and departing from the other) tends to be quick at first 
and then slower as there is ‘less room’ for arriving electrons on the 
first plate, i.e. electrons arriving are pushed back by electrons 
already there. 

The negative charge (i.e. surplus of electrons) on one plate of a 
capacitor is always equal to the positive charge (i.e. deficiency of 
electrons) on the facing plate. For any given pressure, the size of 
these charges depends on the area of the plates, their nearness 
together and the type of material between them. 


ALTERNATING CURRENT 


GOWLS 


gle ca DEFICIT 

BREAK IN_CIRCUIT In a DC circuit a surplus of electrons 
put onto atoms in one terminal and a 
deficiency in the other will be remedied 
by a flow of electrons along the circuit 
to balance things. But this cannot occur 
till the circuit is complete (i.e. any break 
is bridged by a conductor). 


COMPLETE CIRCUIT 


NORMAL ATOMS 
ATOMS FIELD OF. 
MOVING MAGNET 


If a magnet is moved closer and closer to 
the conductor it will set up a changing 
(increasing) magnetic field around the 
conductor which will OPPOSE THE 
FLOW OF ELECTRONS. 


If the conducting wire is bent into the 
shape of a coil exactly the same effect 
occurs as if a magnet had been brought 
towards it, as above. The start of move- 
ment of electrons will itself cause a 
magnetic field to be set up in the coil and 
movement of electrons will be OP- 
POSED. (Build-up of current to full 
strength is therefore retarded—but this 
does not alter the resistance of the wire 
-i.e. its opposition to direct current- 
which is the same whether wire is straight 
or coiled.) 


Now in an AC circuit it can be imagined JA. 
woe 099 that the surplus and deficiency of elec- 


SURPLUS trons is put on the left-hand and right- 
OF ELECTRONS hand ends of the conductor in the first 
PUT HERE BY : 

AC VOLTAGE 4 cycle, so the electron flow is from 


left to right. 
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UINED CURCGCUUTS 


THE circuit formed by connecting a coil of wire to a 

eine (also known as a condenser) behaves in a 
very unexpected manner. It is able to pick out a current 
which alternates at one particular frequency. Such an 
arrangement is called a tuned or resonant circuit and the 
particular frequency which it favours is called the resonant 
Srequency. 

A simple capacitor consists of two metal plates forming 
a ‘sandwich’. The ‘filling’ of the sandwich is a thin layer 
of some insulating material. Electrons cannot pass through 
insulating material, so there can be no current actually 
passing through a capacitor. But although it blocks the 
flow of direct current, a capacitor does not, in effect, stop 
alternating currents. This is because a to-and-fro current 
alternately charges and discharges the capacitor so that 
electrons surge backwards and forwards in the circuit 
connected to the plates. The opposition which the capa- 
citor offers to the current flowing in the circuit is called 
the capacitive reactance. It depends upon the size of the 
capacitor (i.e. its capacity for storing electrons) and upon 
the frequency (i.e. number of alternations per second) of 
the current. 

The behaviour of a coil, too, towards alternating cur- 
rents differs from its behaviour towards direct currents. 
This is because an alternating current sets up a changing 
magnetic field around the coil and this changing mag- 
netic field creates a flow of electrons which opposes the 
original current. (This effect is called inductance.) Con- 
sequently the opposition which a coil offers to an alter- 
nating current is greater than the opposition it offers to 


Balance achieved—zero voltage at end 


NORMAL (BALANCED) 
ATOMS of first 4 cycle—zero electron flow. 


FLOW OF @ 
rae aati Then on the second $ cycle the surplus 
and deficiency are at the right- and left- 
E hand ends—exactly reversed, so the 
er eer kone electron flow is from right to left. 
PUT HERE BY 
AC VOLTAGE 


Balance achieved at end of second } cycle 
—zero voltage, zero electron flow. 
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ATOMS BALANCED AGAIN 


IF AN AC VOLTAGE IS PLACED ACROSS A COIL 
SOMETHING DIFFERENT HAPPENS. 


SURPLUS ord ELECTRONS 
PUT HERE B 
AC VOLTAGE 


eco, 


At the beginning of one cycle of the volt- 
age atoms in the conducting wire at one 
end are given surplus electrons by the 
AC voltage, atoms at the other end are 
made deficient in electrons. A flow of 
electrons to balance this will commence. 
But as soon as electrons start moving 
through the coil (i.e. current flows) they 
create the build-up of a magnetic field 
in the coil and this opposes the passage of 
electrons through the coil. 


‘7 


ELECTR' \ 
TAKE 

BY AC 
VOLTAGE 


a direct current. The opposition is called inductive reactance. 
It depends upon the construction of the coil (actually 
its inductance) and upon the frequency of the current. 

A coil and a capacitor can be wired into a circuit in 
two ways. Either they are joined in series so that the same 
current flows in both, or they are joined in parallel so that 
the current is divided between them. A series circuit 
offers a very low impedance (opposition) to current which 
alternates at or near the resonant frequency and a much 
higher impedance to currents of other frequencies. This 
‘is called an ‘acceptor’ circuit. A parallel circuit offers a 
very high impedance to current which alternates at or near 
the resonant frequency and a much lower impedance to 
currents of other frequencies. This is called a ‘rejector’ 
circuit. 

In any resonant circuit, whether it is series or parallel, 
the inductive reactance is equal to the capacitive re- 
actance. Since the inductive reactance increases as the 
A.C. frequency increases, while the capacitive reactance 
decreases as the A.C. frequency increases, it follows that 
there must be a particular A.C. frequency for which the 
two are equal. If the capacitance or the inductance is 
altered the resonant frequency will change too. If the 
circuit is to accept or reject current of one particular 
frequency it is only necessary to adjust either the coil or 
the capacitor until the inductive reactance (i.e. opposition 
of the coil) equals the capacitive reactance. (opposition 
of the capacitor) for the desired frequency. This adjust- 
ment is called tuning. In practice it is usually easier to 
adjust the capacitor than to adjust the coil. 


There is therefore an uneven rate of flow 
of electrons, NOT following in time with 


ROE the rise and fall of the pulse of AC volt- 
> SCO 2zge. 
ELECTRON ‘a \\ onty 
SURPLUS { ie J ONE MANAGES 
\ jt9 GET_ The reverse direction pulse of AC 
\ Con" voltage here sh lus of 
Re COIL ge here shown puts a surplus o 
i electrons in atoms at the right-hand end 
and makes the atoms at the left-hand end 
deficient in electrons. A flow of electrons 
/7 in the opposite direction (arrow) 
oo @’ will commence to balance this. But 
@ again, as soon as electrons start moving 


through the coil a magnetic field builds 
up in the coil and this opposes the 
current flow, which gets a slow start and 
does not immediately reflect the. growth 
and decrease of the AC voltage pulse. 


ELECTRON 
SURPLUS 


®@.@ctrons TAKEN AWAY 
BY AC VOLTAGE 


=~ MAGNETIC : : 
ONLY ONE a. \ FIELD The build-up of the magnetic field in the 
coil because of the attempt of electrons 
to flow through it opposes their passage 
and so the current makes a SLOW © 
d SSTART, but as the magnetic field reaches 
: \ SURPLUS maximum the opposition slackens and 

\ 


full current flows as the field collapses; 


ze the eventual decrease of the AC pulse 
4 to zero ends the whole process. The 
ee toa same thing happens in the reverse direc- 


tion with the next } cycle. 
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COILS 


A coil’s opposition to 
current flow in AC 
voltage RISES as the 
FREQUENCY RISES, 
i.e. the faster the mag- 
netic field rises and 
collapses, the greater 
is the opposition of 
the coil to current 
flow in either direc- 
tion. HIGH  FRE- 
QUENCY = HIGH 
OPPOSITION. 


CAPACITORS 


A capacitor’s opposi- 
tion to current flow 
in AC voltage RISES 
as FREQUENCY 
FALLS. HIGH FRE- 
QUENCY = LOW 
OPPOSITION. (The 
faster the diaphragm 
vibrates, the more 
effect it has on cur- 
rent flow in circuit.) 


PARALLEL TUNED CIRCUIT at Resonant Frequency 


At one particular frequency the opposition to electron flow set up by the coil will be 
exactly equal to the opposition in the other direction to electron flow set up by the capacitor 
plate becoming full of electrons. As a result no electrons will actually leave through the 
wire at the far side of tuned circuit, for the actions of the coil and the capacitor have 


cancelled each other’s effect. 
3 ATOMS SHORT OF 


effectively 


ELECTRONS 


ATOMS WITH SURPLUS 
OF ELECTRONS 


The AC voltage (first + cycle) puts surplus 
electrons on bottom terminal, takes away 
electrons from top terminal. To balance this 
electrons tend to flow from bottom to top. 


As electrons start to flow some take the path 
to the capacitor, and quickly find places on 
the bottom plate, driving off electrons from 


the top plate. Some electrons start to move 
through the coil but as they do so cause the 
build-up of a magnetic field and opposition 
to their flow. This opposition current flow 
tends to leave atoms with a lack of electrons, 
and electrons pressed out of the top capacitor 


FREQUENCY THAT IS_ NOT 
RESONANT—Parallel Tuned Circuit 


BEHAVIOUR OF A PARALLEL TUNED CIR- 
CUIT AT A FREQUENCY which is NOT the 


MAGNETIC : : 
resonant frequency. FIELD plate go towards the coil to balance things, 
ATOMS SHORT OF pe instead of taking the expected path out 
ELECTRONS 


through the top end of the circuit. 


The atoms at the top 
end lack electrons, 
those at the bottom 
end have surplus elec- 


Later in the $ cycle of AC voltage the magnetic 
field in the coil collapses, and opposition to 


START OF 
ELECTRON FLOW_A 


trons; this is caused by 
AC voltage. To this 
particular frequency 
the coil offers very 
little opposition, the 


current flow drops, so electrons now crowd 
through the coil. But instead of taking the 
expected path out through the top end of the 
circuit, they swing round to the top plate of 
the capacitor, which lacks electrons, and 


COIL 


capacitor offers a lot 
of opposition. 


CAPACITOR 


balance it. The cessation of opposition in the 
coil causes a rush of electrons that even draws 


=. MAGNETIC 
OLL away the electrons charging the bottom plate 


= \ COLLAPSES 


ATOMS WITH 
SURPLUS OF ELECTRONS 


START OF 
ELECTRON 


The majority of the 
surplus electrons take 
theeasier path through 
the coil. They set up 
a magnetic field, but 
this does not cause 
much difficulty to the 
passage of the elec- 
trons. Most reach the 
far side of the circuit. 
The capacitor charges 
only a little, only a 
tiny pressure on the 
top plate results, and 
very little current 
flows from the far side 
of the capacitor. 


As the magnetic field 
in the coil collapses 
what opposition there 
was at first disappears 
and even the electrons 
charging the capacitor 
are drawn round via 
the coil. The far plate 
of the capacitor re- 
gains the few electrons 
that left it and returns 
to normal balance. In 
the end the unbalan- 
ced atoms at the top 
side of the circuit 
have gained the sur- 
plus electrons origin- 
ally put onto the 
atoms at the bottom 
terminal. Current 
did flow through the 
tuned circuit because 
the effect of the fre- 
quency of the voltage 
allowed it to do so, 
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of the condenser, so leaving it in a neutral 
state. Practically no current has actually 
passed beyond the parallel tuned circuit, for 
all the movements have been circular ones. 
AT RESONANT FREQUENCY A PARALLEL 
TUNED CIRCUIT IS A REJECTOR CIRCUIT 
=LOW CURRENT FLOW. 


A SERIES TUNED CIRCUIT AT RESONANT FREQU 


ese 
$e 


CAPACITOR 


ELECTRONS TAKEN AWAY 


DOEO0G 


Y AC VOLTAGE 


ATOMS GIVEN 


SURPLUS OF 
ELECTRONS 


The AC voltage (first 4 cycle) puts surplus 
electrons on bottom terminal, takes away 
electrons from top terminal. To balance this 
electrons tend to flow from bottom to top. 


The first electrons passing through the coil 
build a magnetic field, but FOR THIS FRE- 
QUENCY the opposition this gives to their 
passage is very slight. Many electrons arrive 
on the bottom plate of the capacitor, charging 
it and driving electrons to the top terminal. 
This helps to pull more electrons through the 
coil. 


As the magnetic field collapses the last of the 
electrons get through the coil—opposition 
has ceased. The capacitor is fully charged, and 
a full complement of electrons is driven off 
the top plate to balance the atoms in the top 
terminal. 


QUENCY “| 


AT RESONANT FREQUENCY A SERIES | 
TUNED CIRCUIT IS AN ACCEPTOR | 
CIRCUIT=HIGH CURRENT FLOW. | 


\ 
q 
q 
: 
the opposition in coil 

and capacitor being | \ HELD 
unequal. THIS WAS )' } COLLAPSES 
NOT THE RESON- | 


BALANCED 
ATOMS 


ANT FREQUENCY. 
It was accepted by a 
parallel tuned circuit. 
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PROPERTIES OF MATTER 


DENSI 


WHICH weighs more—a pound 

We feathers or a pound of lead? 
Of course, they both weigh the same, 
but whereas the pound of lead will be 
much smaller than your fist, the 
pound of feathers may be as big as a 
pillow. The lead is much denser than 
the feathers. 

Different substances have different 
densities. An aluminium saucepan will 
be much lighter than a steel one. 
Aluminium has a smaller density than 
steel. Hot air rises. Hot air is less 
dense than cold air. 

Science has to be more precise in 
its definitions and cannot depend 
upon such vague comparisons. The 
scientific definition of density is the 
mass of one cubic centimetre of a 
substance. At a temperature of 4°C. 


Aluminium density 2:7 gm./c.c. 


Cast iron density 7 gm./c.c. 


macs @ Be 


Brass density 8-4 _— 


22 ct. gold density 17-5 gm./c.c. 


This helium-filled airship can ‘float’ because helium 1s much less dense than atr. 


its volume, weighing it to find its 
mass and then dividing the mass by 
the volume. Density=mass/volume. 
This is simply a mathematical de- 
finition of density. For an irregularly 
shaped object the volume cannot be 
found by direct measurement but can 
be found by dropping it into a grad- 
uated vessel containing water. The 


ai. 


Ice density 0-92 gm./c.c. 


A penny will float on the surface of 
the dense liquid metal mercury. In 
fact, an object will float on the sur- 
face of any liquid which has a greater 
density than that of the object. For 
example, a piece of wax (density 0-9 
gm./c.c.) will float on water (density 
1-0 gm./c.c.) but will sink in methy- 
lated spirits (density 0-8 gm./c.c.). 


Methylated spirits density 0-8 gm./c.c. 2 


Water density | gm./c.c. 


These are the densities of some common substances. The density is expressed as the mass (in grams) per cubic centimetre. 


one cubic centimetre of water has a 
mass of one gram. Water at that 
temperature therefore has a density 
of one gram per cubic centimetre 
(1 gm./c.c.). One cubic centimetre of 
cast iron has a mass of seven grams. 
Cast iron therefore has a density of 
seven grams per cubic centimetre. 

If an engineer needs to know the 
mass of any regular solid structure, 
it is not necessary for him actually to 
weigh it. Its mass can be calculated 
from its known size and density by 
multiplying the volume by the den- 
sity. Mass=density x volume. The 
weights of large containers of liquids 
can be similarly calculated. 

In the laboratory the density of a 
regularly shaped solid object can be 
easily found by measuring it to find 


water level rises. The increase in total 
volume is the volume of the object. 

To find the density of a liquid its 
volume can be measured in a measur- 
ing cylinder or other measuring in- 
strument. It can be weighed in a 
container and the mass of the con- 
tainer subtracted to give the mass of 
the liquid itself. 

As gases have no shape of their own 
but only the shape of their container, 
a certain mass of gas in a large con- 
tainer will be much less dense than 
if it were compressed into a small 
container. The gas density depends 
upon the conditions under which the 
gas is kept. A value of gas density is 
meaningless without also the tempera- 
ture and pressure of the gas being 
stated. 


An instrument called a hydrometer 
can be used to find the densities of 
liquids. It is a hollow tube weighted 
at the bottom to make it float up- 
right. In a dense liquid it will hardly 
sink at all and in one which is not as 
dense it will sink deeper. 


HYDROMETER 


The home-made hydrometer (a straw sealed 
with wax at one end and carrying three 
pellets of lead shot as ballast) sinks lower 
in the methylated spirits than in the denser 
water. 
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| HYDROSTATICS | 
Barometers 


HE normal pressure of the air at 

sea level is about 14-7 lb. per 
square inch. This pressure is the 
direct result of the weight of the 
atmosphere bearing down on the sur- 
face of the Earth, attracted by gravi- 
tational forces. Because of this, dif- 
ferent air pressures occur at different 
heights (see the Altimeter, page 260 
in Issue number 17). Atmospheric 
pressure also varies from place to 
place and is a very important factor 
in weather forecasting. For this reason 


be able to contain a column of mer- 
cury, and a reservoir, have a thermo- 
meter close to the column for check- 
ing its temperature, and a system of 
calibrated marks—rather like those 
on a ruler—by which the changes in 
level of the liquid can be recorded as 
changes in air pressure. The two main 
types of such barometers used for 
accurate measurement are the Kew 
and Fortin. Features common _ to 
both barometers are the glass tube, 
the reservoir, the thermometer and 


it is necessary to have accurate and 


ne ac reliable instruments to measure vari- 


(ABOVE) DETAIL OF SCALE OF 
A FORTIN BAROMETER 


(BELOW) CUTAWAY OF 
ADJUSTMENT AT BOTTOM 
OF A FORTIN BAROMETER 


LEVEL ADJUSTING 
SCREW 


ations in pressure. They are called 
barometers. 

The principle of mercury baro- 
meters is that air pressure will support 
a column of mercury about 30 inches 
high. The apparatus needed to show 
this is very simple: a glass tube a 
yard long, sealed at one end and set 
vertically in a shallow trough of mer- 
cury (the silvery liquid used in ther- 
mometers). The tube is filled with 
mercury before it is up-ended so that 
a vacuum (empty space of no pres- 
sure) forms at the upper, closed end. 
The air outside presses downwards 
on the mercury in the trough and 
holds the column of mercury in the 
tube to a height of about 30 inches 
above the surface of the mercury in 
the trough. The exact height of the 
mercury in the tube varies slightly 
with the pressure of the air; if the 
mercury level is low, then the pressure 
of the air is lower than average, and 
vice versa. 

There is, however, one point to 
watch. The level of liquid, which can 
be supported by the atmosphere in 
this way, varies with the density of the 
liquid. Now the density of mercury, 
as of most liquids, alters with tem- 
perature. It is, therefore, necessary 
to allow in some way for the tempera- 
ture differences which will affect the 
level of the mercury and so the accu- 
rate measurement of air pressure. One 
thing that does not affect the reading, 
however, is the width of the tube 
(except in very narrow tubes). 

A mercury barometer, then, must 


the calibrated scale—marked off in 
either inches or millimetres. The main 
differences lie in the way in which 
the level of the liquid in the trough 
is taken into account. In the Fortin 
barometer the level is adjusted by 
raising or lowering the base of the 
reservoir of mercury until the level 
of the surface of the liquid touches 
a fixed ivory pin. The height of the 
column is measured from the level of 
the point of this pin. Also a vernier 
scale may be included on the measur- 
ing marks at the top to ensure an 
accurate reading of the mercury level. 
In the Kew barometer, on the other 
hand, no such elaborate devices in 
the reservoir are necessary, for the 
calibrated scale at the top is slightly 
‘falsified’ to take changes of level in 
the trough of mercury into account. 

Many household ‘weather glasses’ 
are simple mercury barometers. They 
contain a tube bent into a ‘J’ shape 
as shown in the illustration. 

Another type of pressure-measuring 
instrument, the aneroid barometer, works 
on a rather different principle. The 
air pressure is recorded as it squeezes 
a small vacuum chamber or box. It 
is basically the same device as the 
altimeter described on page 260. 


[ FORCES | : 
Balancing 


and Gentre 
of Gravity 


HE technique of high wire per- 

forming depends on the artist 
having a perfect sense of balance. 
Balance while moving on the ground 
is always very necessary but is some- 
thing that seems to us to be automatic. 
Here balance is not difficult because 
the whole of the foot is in contact 
with the ground, but the circus per- 
former has only a very small area of 
his foot in contact with the wire and 
this can readily provide a fulcrum or 
turning point about which he can 
rotate and fall if his balance is not 
perfect. 

A small child when it is learning to 
walk often falls over because it has 
not yet learned the art of balancing. 
It leans too far forward and over it 
goes. It is extremely difficult but 
possible (in theory) to balance a 
pencil on its point if the pencil is 
absolutely vertical so that the weight 
of the pencil is directly above its point 


+ ~ 
2 


and is pressing down on it. If the 
pencil leans even slightly, its weight 
acts as if it is pressing down on one 
side of the point. This produces a 
turning effect or moment, and the 
pencil falls over (rotates about its 
point, the fulcrum). 

It is true that every particle of every 
solid has weight but, for purposes of 
balancing, any object behaves as if 
all its weight is concentrated at one 
point — its centre of gravity. If its centre 
of gravity is directly above the point 
of support then the object will 


For the man to balance, 
his centre of gravity 
must be exactly above 
the wire. 
balance; if it is not then it will over- 
balance. A tight-rope walker, while 
he is concentrating on keeping his 
balance is continuously ensuring that 
his centre of gravity is directly above 
the tight rope. 

A human being is symmetrical 
along his length. That is to say, his 
right side is the same as his left and so 
his centre of gravity is situated along 
this centre line. If the tight-rope 
walker is holding a heavy object in 
his right hand, then this will cause his 
centre of gravity to shift slightly to 
the right. This would cause a moment 
which would make him overbalance 


if he did not counteract it by leaning 
slightly to the left so that the centre of 
gravity is again directly above the wire. 

It is quite easy to find a centre of 
gravity experimentally for an object 
such as a chair. Suspend the chair 
from one extremity such as the end of 
a leg and hang a plumb line (weighted 
line) from the point of suspension. 
Tie string to some point on the chair 
to mark the path it takes. Do the 
same for two other legs. The three 
strings will cross at one point, the 
centre of gravity. 


Forces can produce moments or turning effects. 
The moment of a force is equal to the force multi- 
plied by its perpendicular distance from the 
fulcrum. If the centre of gravity is directly above 
the fulcrum, then this perpendicular distance will 
be zero and so the moment or turning effect will 
be zero. The object will be in balance (equilibrium) 
no matter how heavy the object is. If the centre of 
gravity is not directly above the fulcrum, then a 
moment is produced. As there is no opposing 
moment to balance this the object is not in equili- 
brium and overbalances. 

When someone balances on a tight-rope although 
he is in equilibrium, it takes only a small push to 
destroy this and push him off balance. In whichever 
direction he falls, his centre of gravity is bound 
to be lowered. In equilibrium the centre of gravity 
is at its highest point. This type of equilibrium is 


unstable. UNSTABLE 


STABLE 
NEUTRAL 


(a) (b) (c) 


Three types of equilibrium. (a) Stable: the centre oj 
gravity is raised on tilting. (b) Unstable: on tilting, 
the centre of gravity is lowered. (c) Neutral: the centre 
of gravity does not change height. 


For the equilibrium to be stable, i.e. the balance 
not easily destroyed, the object must be placed 
in such a way that if its position is disturbed, the 
centre of gravity will be raised. Then, the tendency 
is for the object to drop back into its original 
position. 

If heavy weights are slung from the high wire 
bicycle so that they hang below the wire the centre 
of gravity of the system, bicycle, man and weights 
can be arranged to be below the wire. Any toppling 
movement of the bicycle will raise the centre of 
gravity. The tendency is for the bicycle to return 
to its original equilibrium position. The bicycle 
has been made much more stable. 

Neutral equilibrium occurs when the centre of 
gravity of the object in equilibrium is neithe 
raised nor lowered by disturbing the object. The 
centre of gravity of a cylinder on its side on a 
horizontal surface has its centre of gravity half 
way along the line through its centre. As the 
cylinder rolls over and over the centre of gravit 
remains at the same height. 

Sometimes tight-rope walkers carry a long pole 
which acts as a fine centre of gravity adjustment. 
By having more pole on the right, then the centre 
of gravity is moved to the right and so on. 

A chair can be balanced on a tight-rope by tipping 
it at an angle so that it balances on two legs with 
its centre of gravity over the rope. Here its centre 
of gravity will actually be in empty space, but the 
effect is just the same. 

Many objects can be balanced one on top of 
another, but the golden rule is that the centre of 
gravity must be directly above the point of balance. 
PLUMB LINE AND 


OBJECT ARE SUSPENDED 
HERE 


PLUMB LINE 


its edge, and a vertical line drawn where the plumb 
line falls. This is repeated by suspending the object 
from another point on its edge, and drawing anothe 
vertical with the aid of a plumb line. The centre o 
gravity is where the lines cross. 
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ORGANIC CHEMISTRY 


ALDEMYDES 
AND KETONES 


LDEHYDES and ketones are two families of carbon- 
containing organic compounds. Some members of 
these families are naturally occurring, for example, 
minute quantities of acetone (a ketone) are found in 
urine. Aldehydes are sometimes found in nature as 
flavourings. An example of this is vanallin, the aldehyde 
flavouring which is extracted from the vanilla bean. But 
by far the most important uses are in industry as solvents 
and in the manufacture of plastics. 
Members of the two related chemical families called 
aldehydes and ketones have many chemical properties in 
common. This is to be expected since each member of 


This is powdered casein which will later be pressed into sheets 
and treated with formalin to form a plastic. Articles around the 
picture are made from this kind of plastic. 


CARBON ATOMS BLACK, OXYGEN RED, HYDROGEN WHITE 


ETHYL ALCOHOL ACETALDEHYDE 


TWO HYDROGEN 
ATOMS REMOVED 


O © 


Aldehydes (e.g. acetaldehyde) are made by removing hydrogen from primary alcohols. 
removing hydrogen from secondary alcohols. 
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The Fellyfish is pre- 

served in formalin, a 

solution of formalde- 
hyde in water. 


both families contains at least one carbonyl group — a 
carbon atom linked to an oxygen atom by means of 
a double bond (C=O). The carbonyl group is eager to 
undergo chemical reactions and so most of the chemical 
properties are due to its presence. 

In aldehydes, the carbon atom of the carbonyl group 
is attached to one hydrogen atom and (except in formal- 
dehyde) also to a carbon atom. Formaldehyde, the 
aldehyde with the smallest molecule is a gas. It is also the 
most important aldehyde industrially. Aldehydes can be 
made by dehydrogenating (7.e. taking hydrogen away 
from) the related alcohol. Formaldehyde is made from 
methyl alcohol. The hydrogen is removed by passing the 
methyl alcohol vapour over hot copper gauze. As liquids 
are always much easier to handle than gases the formalde- 
hyde is dissolved in water to form a solution which is 
known as formalin. Formaldehyde has an antiseptic effect. 
In very small amounts it is used as an antiseptic in sore 
throat tablets. 

Formalin acts as a preservative for animal matter and 
for this reason biological specimens are preserved by 
steeping them in stronger solutions of formalin. 

The carbonyl group in formaldehyde is very reactive 
and because of this reactivity formaldehyde is put to 
tremendous use in the plastics industry for its molecules be- 
come the joining units of much larger molecules of plastic. 

One example of formaldehyde forming part of a larger 
molecule of plastic is found in the plastic, Bakelite, which 
is well known as the brownish plastic often used to make 
light switches. It was first made by the Belgian chemist, 
Dr. Baekeland, who obtained a resin by mixing two 
disinfectants, carbolic acid and formalin. Industrially this 
resin is made into powders called moulding powders which 
are mixed with sawdust and pressed in a hot mould into 


THIS GROUP 
THIS GROUP 1S ALWAYS 
iS ALWAYS PRESENT IN 
PRESENT IN KETONES 
ALDEHYDES 
TWO HYDROGEN 
ATOMS REMOVED 


THE CARBONYL 
(C = O) GROUP 
THE CH = O GROUP 


Ketones (e.g. acetone) are made by 


the desired shape, an ashtray or a 
radio cabinet for instance. Bakelite 
is a somewhat drab brown colour and 
now another resin made from forma- 
lin and urea (made from ammonia) 
has been introduced. White electrical 
fittings and coloured beakers are both 
made from urea plastic. 

Another plastic in common use is 
called casein formaldehyde. Many 
articles varying from buttons to combs 
and fountain pens are made from it. 
As its name suggests, this plastic is 
made from two chemicals, casein and 
formaldehyde. Casein is a constituent 
of milk. If a drop or two of vinegar or 
lemon juice (both are acids) are put 
into milk, it clots and some of it 
becomes solid and begins to settle 
down to the bottom. This solid is 
casein. Industrially, mineral acids are 
used to curdle the milk. The curds 
are separated out, washed and all the 
water is pressed out of them. Later 
the powdered casein is made into 
dough with water, rolled to remove 
air bubbles and moulded into the 
shape of the object being made. ‘This 
is always made much larger than the 
final object because a great deal of 
shrinkage takes place. The soft, putty- 
like object is left to soak in formalin 
for some time to harden. The harden- 
ing takes place because the formal- 
dehyde in the formalin combines with 
the casein making the plastic, casein 
formaldehyde. The plastic objects are 
afterwards trimmed to shape. 

Again, when formaldehyde is passed 
into ammonia solution it helps in the 
formation of larger molecules, not 
this time of plastics, but of a drug 
called hexamine. This drug, which is 
sometimes also called urotropin, is 
used to treat disorders of the bladder 
where it destroys acid in the urine and 
also gives off formaldehyde which acts 
as an antiseptic. Hexamine is also 
the chemical from which the highly 


FORMALDEHYDE ACETALDEHYDE 


Some aldehydes. 


PROPIONALDEHYDE 


Resin still. Bakelite resin is made from 
carbolic acid and formaldehyde. 


Resin 1s being mixed with sawdust to 
make a moulding powder from which 
articles such as ashtrays can be made. 


efficient explosive, cyclonite is made. 

Formaldehyde has the smallest 
molecule of the aldehyde family. The 
next in size is acetaldehyde, a liquid 
that can be obtained industrially by 
removing hydrogen from ethyl alcohol 


J 
ACETONE 


Some ketones. 


© 
METHYL ETHYL KETONE 


Bakelite insulator for an electrical com- 
ponent being removed from the mould. 


(the alcohol of whisky). Although 
acetaldehyde is not used as a source 
of plastics it, too, will take part in the 
formation of large molecules. If 
acetaldehyde is cooled by surround- 
ing it with a freezing mixture and 
then treated with a trace of dry 
hydrogen chloride gas a white solid 
forms. Four molecules have joined 
together to give one molecule four 
times as heavy. The new chemical is 
called metaldehyde and is sold as the 
white solid fuel often used by campers 
for starting their stoves burning. 
When aldehydes are oxidized by 
gaining oxygen, they become acids. 
Acetaldehyde is oxidized to acetic 
acid. Vinegar is a dilute solution of 
acetic acid in water. When wine 1s left 
in an uncorked bottle, it is oxidized 
first to acetaldehyde and then to 
vinegar. As aldehydes are keen to 
oxidize themselves they will reduce 


DIETHYL KETONE 
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other compounds in order to do so. 
Aldehydes will take away the oxygen 
from silver oxide which has been 
dissolved in ammonia and leave be- 
hind a deposit of silver which clings 
to the glass walls of the container 
forming a silver mirror. Aldehydes are 
in fact used in this way in the manu- 
facture of mirrors. 

The ketone family all contain in 
their molecules at least one carbonyl 
group, but unlike the aldehydes 
the carbon atom of the carbonyl 


HYDROGEN CHLORIDE 
GAS 


LIQUID 
ACETALDEHYDE 


FREEZING MIXTURE 
OF ICE AND SALT» __ 


MOLECULE 
METALDEHYDE 


When ice cold acetaldehyde is treated 

with dry hydrogen chloride, metalde- 

hyde, a white solid is formed. It is used 
as a solid fuel. 


BURNING 
METALDEHYD 


f. 


group is joined to two other carbon 
atoms. Ketones, like aldehydes, can 
be made by taking hydrogen away 
from a suitable alcohol. 

Acetone is the simplest and _ best- 
known ketone. It is usually manu- 
factured from petroleum. The large 
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ACETALDEHYDE SILVER 


OXIDE 


Aldehydes can ta 


ke away the oxygen from silver oxide which 


has been dissolved in ammonia solution, leaving behind a deposit 
or mirror of silver. 


oil molecules are cracked and broken 
up into smaller fragments. The mix- 
ture is separated out into its com- 
ponents, one of which is acetone. 
Acetone’s chief use is as a solvent 
because it will dissolve so many 


MOLECULE 
OF 


CAMPHOR 


Camphor, another ketone, is used together 
with cellulose and nitric acid to make 
celluloid. 


organic (carbon containing) com- 
pounds, but it is also used in the 
plastics industry. Acetone is used to 
make perspex and acrylic fibres such 
as Courtelle and Acrilan. Acetone 
with prussic acid (hydrogen cyanide) 
and methyl alcohol forms the plastic 
polymethyl methacrylate. Some forms 
of this are transparent. The ‘poly’ 
means lots of methyl methacrylate 
molecules joined together. Plastics 
made from this are called acrylic 
plastics. Although the starting mater- 
ial, prussic acid (hydrogen cyanide), 
is a villainous poison the final plastic 
is not at all poisonous. 

Camphor is another ketone which 
is used in building up celluloid from 
cellulose and nitric acid. Without 
camphor, celluloid is explosive. 

Acetone is best known as a solvent 
for organic materials and in this res- 
pect is used in the manufacture of the 


explosive, cordite, and the manu- 
facture of acetate rayon (not viscose 
rayon which is chiefly used nowadays) 
and also as a solvent for acetylene 
gas. Cordite is made by forcing a 
mixture of gun cotton, nitroglycerin 


in natl varnish as 


Ketones are used 
solvents for cellulose and colouring matter. 


and acetone through a nozzle. The 
acetone evaporates and the paste sets 
into a hard mass which is easy to 
handle. The use in the rayon industry 
is similar. Cellulose acetate is made 
into a solution by dissolving it in 
acetone. The solution is forced 
through a metal disc: with several 
small holes in it, called a spinneret, 
and turns into fibres when the acetone 
evaporates off. 

Acetone is used as a solvent in 
nail varnish as it has the advantage 
that it evaporates very rapidly leaving 
the dry varnish behind. Other ketones 
are found to be more satisfactory. 
This rapid evaporation of acetone is 
used in laboratories where really dry 
glass apparatus is needed. Some ace- 
tone is shaken up in the glassware and 
hot air is blown in so that the acetone 
evaporates, taking the last drop of 
water with it. 


| ELECTRICITY | 


HE ammeter is an instrument 

which measures an electric cur- 
rent. The units it uses are amperes 
(amps.), named after the famous 
French physicist André-Marie Am- 
pére. There are a number of different 
types of ammeters but all have some- 
thing in common; they contain a 
device called a shunt which allows 
only a very small, definite proportion 


Simplified diagram illustrating the princi- 
ple of the moving coil ammeter. 


of the current flowing through the 
circuit to pass through the measuring 
coil. The shunt consists simply of 
a wire offering the current an alter- 
native route by-passing the instru- 
ment. But the measuring coil offers a 
much higher resistance to the flow 
of electricity through it than does 
the shunt. Hence, most of the current 
takes the route of least resistance and 
by-passes the measuring coil. 

The moving coil ammeter works on 
the principle suggested by its name. 
It contains a pivoted coil of wire 
placed in the magnetic field of a 
permanent magnet. A _ magnetic 
field will exert a force on any wire 


carrying a current. Thus, the mag- 
netic field of the permanent magnet 
will exert a force on the coil when 
a current passes through the latter 
and the arrangement is such that the 
pivoted coil is deflected, or turned. 
The movement of the coil is controlled 
by springs which also serve to lead the 
current to and from it. Without 
springs, the slightest force exerted on 
the coil would turn it through a right- 
angle. 

The ammeter is able to measure an 
electric current because the force 
acting upon the coil, and hence the 
amount it moves, is governed by the 
current flowing through it. In fact the 
force is also governed by other factors, 
such as the size of the coil, the number 
of turns it contains and the strength 
of the permanent magnet, but these 
are all constant factors which are 
fixed by the manufacturers. 

Attached to the coil and moving 
with it is a pointer. This indicates on 
a graduated dial the current, in 
amperes, flowing through the coil. 
The fact that only a small proportion 
of the total circuit current flows 


SPRING TAKING UP mrtg 


Diagram illustrating the principle of the 
hot wire ammeter. 

through the measuring coil does not 

matter, for it is always a definite 

known fraction and thus the dial can 

be marked so that the reading gives 
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A very sensitive moving coil ammeter. 


the total circuit current. The moving 
coil ammeter can only be used with a 
direct current for with an alternating 
current the coil would be turned 
rapidly backwards and forwards. The 
moving coil ammeter is extremely 
accurate. 

A simple ammeter which works 
very well with a high frequency alter- 
nating current is the hot wire type. 
In this case the heating effect of an 
electric current passing through a 
wire causes the latter to expand and 
the amount of expansion depends upon 
the strength of the current. Since 
the measuring wire is always kept taut 
by another wire attached to a spring 
the second wire moves as the meas- 
uring wire expands. This movement 
causes a pointer to move across a dial 
and indicates in amperes the current 
flowing through the measuring wire. 


OPTics | 


HE telescope is used for magnify- 

ing distant objects. A lens or 
mirror called the objective supplies a 
small real image of the distant object. 
This image is smaller than the object 
itself. But a very much larger image 
is needed, so the small real image is 
magnified by another lens called the 
eyepiece. There are many different 
arrangements for achieving the same 
result. 

There are two main types of optical 
telescope—the refracting _ telescope 
which has a lens as its objective to 
provide the small real image of the 
object. It is called the refracting tele- 
scope because the light rays are bent 
or refracted on passing through the 
objective lens. The other type is the 
reflecting telescope. Here, the objective 
is a mirror and because the light 
entering the telescope is reflected at 
the surface of the mirror it is called a 
reflecting telescope. 

The ability of a telescope to show 
two objects that are close to each 
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This is the Hale telescope on Mount Palomar. Its giant 
reflecting mirror is nearly 17 feet in diameter and weighs 
17 tons. No one ever looks through this telescope. Photo- 


graphs are taken instead. 


other as two separate images and not 
just as one image is called the resolv- 
ing power of the telescope. It is 
obvious that a good telescope should 
have the largest possible resolving 
power. If the aperture (hole by which 
the light enters the telescope) is 
small, two stars which appear to be 
close to each other will appear to be 
only one star. To improve the re- 
solving power and obtain two images, 
the aperture size must be increased. 
Incidentally good binoculars are ex- 
pensive not because their magnifica- 
tion is higher than cheap ones but 


because they have wider objectives 


giving better resolution. It is diffi- 
cult to make large lenses without 
stresses and strains inside them build- 
ing up. Even then, when the lens is 
supported in position at the edges, 
it tends to sag under its own weight. 
Unlike a mirror, it cannot be sup- 
ported underneath because this would 
prevent the light from passing through 
it. Yet another disadvantage of the 
refracting telescope is that light loses 
some energy in passing through the 
denser material that forms a lens 
whereas a mirror merely reflects 
with less loss of energy. 

An inverted image is useless for a 
terrestrial (land) telescope. The image 
must be the right way up. To do 


OBJECTIVE 


ERECTING LENSES 


EYEPIECE 


The terrestrial telescope gives an enlarged upright image. The inverted image from the 
objective lens is turned right way up by the erecting lenses and is viewed through the eye- 


piece. 


this, the telescope is designed with 
an erecting lens or system of lenses 
between the objective lens and eye- 
piece. This again makes the telescope 
longer and is the reason that the 
terrestrial refracting telescopes erected 
in various beauty spots and at the 
seaside are so enormously long. 

It is obvious that this type of tele- 
scope is not portable. The ordinary 
portable pocket variety is the Galilean 
telescope, invented by Galileo over 
three hundred years ago, The objec- 
tive lens is still a biconvex lens which 
gathers up the light rays from the 
object so that they fall on a biconcave 
lens that acts as an eyepiece and pro- 
vides an enlarged, virtual image which 
is nearer than the object. 

Lenses have the disadvantage that 
they suffer from defects known as 
aberrations. Chromatic aberration gives 


ERECT IMAGE 


EYEPIECE 
OF TELESCOPE 


OBJECTIVE 
LENS 


BICONCAVE 
LENS 


The Galilean Telescope. Pocket tele- 
scopes are usually of this type. The 
image is enlarged and erect. 


rise to images fringed with colour. 
Spherical aberration can give rise to 
an image that is in focus at the centre 
and blurred at the edges. The former 
can be overcome by using in place of 
a single lens a complicated system of 
several different types of glass ce- 
mented together with a transparent 
gum. With a single lens, because the 
objective has a long focal length, the 
effects of chromatic aberration can be 
so great that the telescope is useless. 
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Cassegrain telescope. This is a reflecting telescope. The main mirror has a hole in its 
centre to allow the light to pass to the eyepiece. 


Refracting telescope (below). The eyepiece magnifies the small inverted image from the 
objective. 


OBJECTIVE LENS 
These problems are easily elimin- 


ated in the reflecting telescopes.. 
Chromatic aberration cannot occur 
because when light is reflected it is 
not split up into its component 
colours as it is on refraction. Spherical 
aberration can be avoided by making 
the mirror parabola shaped (like the 
bottom half of an eggshell). This 
must be accurate to within a millionth 
of an inch. The largest reflecting tele- 
scope in existence has a mirror which 
is two hundred inches in diameter. It 
is made of pyrex glass with a reflect- 
ing layer of aluminium deposited on 
the front surface. This is important 
because light reflected at the front 
surface is not absorbed. If the silver- 
ing were on the back surface of the 
mirror, the light would be absorbed 
by the glass it would have to pass 
through. The mirror is supported 
underneath so that it does not sag. 
It is usual in modern telescopes to 
photograph a star under observation 
instead of looking through the tele- 
scope. After several hours sufficient 
light may come from a star which is 
invisible to someone looking through 
the telescope, but which can be seen 
on a photograph. When this is being 
done, the telescope uses a clockwork 


The Newtonian Telescope. Most large re- 
flecting telescopes are of this type. 


OBJECTIVE 
MIRROR 
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a EYEPIECE 
mechanism so that it is continuously 
trained on the star. This counter- 
balances the rotation of the Earth 
which would make the star appear to 


move. 
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TEMPERATURE 
SELECTOR 


WINDSCREEN 
TEMPERATURE 
CONTROL 


See 
AIRPORT 


ALTITUDE 
SELECTOR 


Diagram of the working of the pressuriz- 

ing system of a modern aircraft. Taken in 

via the engine compressors in the tail of 

the aircraft, the air is supplied to passen- 

gers and crew at suitable pressures and 
temperatures. 


HE pressure of the air is governed 
largely by the pull of the Earth’s 
gravity, in fact by the weight of the 
atmosphere. At sea level the average 
air pressure is about 14-7 lb. per 
square inch. Put in other terms, each 
square inch of land and sea surface 
is pressed upon (in any direction) by 
a force of about 14:7 lb. Man and 
the other animals are of course used 
to these pressures and any great 
alteration in them proves uncomfort- 
able, even harmful. 

Because the weight of the air at 
high altitudes is less than that at the 
Earth’s surface, so are the pressures 
of the air. At 25,000 feet above sea 
level, for example, the average air 
pressure is only about 6 lb. per square 
inch; at 50,000 feet it is less than 
2 lb. per square inch. For this reason 
it is necessary for high-flying military 
and civil aircraft to employ equip- 
ment capable of keeping pressures at 
a reasonable level. 

What the System Does 

In jet aircraft pressurizing systems 

the air supply is often obtained by 
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CABIN 
THERMOSTAT 
COMBINED 


DISCHARGE 
AND RELIEF 
VALVES 


Cut away view 
of a pressure 
controller, 
which ensures 
that pressures 
in the aircraft 
arealwayskept 
at a comfort- 
able level. 


tapping the compressors of the main 
engines. (In piston engined aircraft 
a separate compressor has to be used). 
The aircraft fuselage is of course 
sealed. By controlling the flow of air 
into the cabin and the flow from the 
cabin to the outside by valves it is 
possible to maintain a steady com- 
fortable pressure for the passengers 
and crew inside. In fact the systems 
in use are rather more complicated 
than this, for the circulated air is 
kept at a controlled temperature and 
at a given degree of humidity (‘damp- 
ness’). 

Normally the pressures inside the 
cabin should not be less than those 
experienced in the atmosphere at 
6,000 feet (11-8 lb. per square inch), 
even when the aircraft is flying at its 


COMBINED DISCHARGE 
AND RELIEF VALVES 


__ HIGH-FLYING 


CABIN 
THERMOSTAT 


Cut away view of a humidifier 
which can increase the water 
content of the air supplied to the 
aircraft cabin if it proves 
necessary. 


maximum altitude. For comfort the 
pressures should not generally in- 
crease or decrease at more than a 
certain rate. They should not increase 
at a rate of more than o-15 lb. per 
square inch per minute, nor decrease 
at more than 0°35 lb. per square inch 
per minute. Another important factor 
is the need for adjusting the pressure 
within the plane prior to landing. 
Atmospheric pressure varies from 
place to place at ground level, and 
with weather conditions. On ap- 
proaching an airport, the pilot is 
advised by radio as to the prevailing 
ground level pressure. He then sets 
the pressure control equipment accor- 
dingly, after which the cabin pressure 
is automatically controlled during 
descent so that when the aircraft. 


AIRGRAFT 


CONDENSER 


Hazards of High Flying 
without Pressurization 


The body needs oxygen for breathing 
and at low pressure (i.e. high altitudes) 
there is less oxygen because there is less 
air (oxygen makes up about 20% of the 
air). Without pressurizing, extreme con- 
ditions produce dangerous states of mind, 
over-confidence, lack of concentration, and 
slow physical reactions. In the end death 
could occur. The minimum cabin pressure 
able to sustain human life would be the 
equivalent of about 25,000 feet. At 63,000 
feet blood would actually boil. The pressure, 
at 6,000 feet is usually considered to pro- 
vide enough oxygen for the comfort and 
safety of persons who travel in pressurized 
aircraft. Changes of pressure also produce 
problems. Rapid changes may result in the 
dangerous ‘bends’ produced by nitrogen 
bubbles accumulating in the bloodstream. 
Much smaller changes may affect the ears, 
due to unequal pressures in the middle and 
outer parts; this discomfort can often be 
lessened by chewing sweets or swallowing. 
Note that with pressurization it is the 
cabin pressure that is important, not that 
of the air outside the plane. 


EVAPORATOR 
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(Left) Diagram of an aircraft pressurizing system. |. Airport altitude 
selector, 2. Pressure controller, 3. Air inlet, 4. Discharge valve, 
5. Relief valve, 6. Discharge valve, 7. Inwards relief valve, 8. Dump 
valve. 


reaches the ground the pressure inside 
the cabin will exactly equal the pres- 
sure outside. The design of equipment 
of this kind is governed by safety 
regulations to ensure that even in the 
unlikely event of a failure of part of 
the pressurizing system, the results will 
not be harmful to passengers or crew. 
How it Works 

A typical pressurizing system for a 
civil air transport plane is illustrated 
on this page. The general operation 
is as follows: Air from each of the 
jet engine compressors passes through 
non-return valves and on to flow 
controllers which regulate the amount 
of air entering the system. From here 
the air goes through heat exchangers 
which cool it down, and later the air 
fed from the engines is joined to- 
gether into the main air supply duct 
(pipe). Here it may be further 
cooled and if necessary dried in the 
evaporator of a refrigeration system. 
Alternatively, if the moisture content 
is low, this can be increased by 
passing it through a humidifier. The 
air, now at the correct temperature, 


pressure and humidity, is fed into 
the cabin itself. In order to keep the 
air in the cabin fresh, it must be 
constantly removed as well as re- 
plenished. About half the used air is 
passed again into the main air ducts 
to be re-circulated. The rest is passed 
out of the aircraft through the dis- 
charge valves. 

In addition to this main system 
there are others which supply air for 
special purposes. Hot air taken from 
upstream of the evaporator unit can 
be diverted to the windscreen of the 
crew cabin to prevent misting. Small 


_ quantities of cool air can be passed 


into the passenger cabin at head level 
via individually controlled inlet 
nozzles to keep passengers fresh 
during their journey. A temperature 
control system, governed by thermo- 
stats fitted in the cabin, operates 
valves which can allow some of the 
cabin supply air to by-pass the heat 
exchangers or evaporators, to ensure 
that the temperature within the air- 
craft remains generally constant. 
Another important part of the 
pressurizing system is a dump valve, a 
‘tap’ by which the aircraft can be 
depressurized rapidly in an emerg- 
ency. 


The International 
Standard Atmosphere 


In order to ensure that everyone should 
work from the same basic figures, the 
International Civil Aviation Organization 
(I.C.A.O.) defined what is known as the 
International Standard Atmosphere (I.S.A.) 
It is based on the assumptions that: the 
air is dry with a composition (by volume) 
at all altitudes of 78-03°%, nitrogen, 20-90%, 
oxygen, 0-949, argon, and 0-04 {carbon 
dioxide; barometric height at sea level is 
29-92 inches (760 mm.) corresponding to a 
pressure of 1,013 millibars or 14-7 |b. per 
square inch; temperature at sea level is 
15°C. (59°F.) decreasing with altitude up 
to 11,000 metres (36,089 ft.), assumed to 
be the bottom level of the stratosphere, 
above. which the temperature is taken to 
be constant at —56:5°C. (—69-7°F.). 


Pressure 


Height 
in feet | Milli- 


| bars in. 


| Temperature 
Ib. sq. | 


14-70. 
13-66 

12-70 | 
11-78 


0 1,013 
2,000 942 
4,000 875 
6,000 812 
8,000 752 10-92 | 
10,000 697 10-10 | 
20,000 466 396-75 
30,000 301 = 4:36 | 
40,000 188 2-72 
50,000 116 = 1-68 | 
60,000 72 ~——‘1-04 
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CHEMICAL REACTIONS 
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ROLYSIS 


HE reaction known as /ydrolysis is important in chem- 

istry, but it is even more important to living processes 
such as digestion in animals, and to growth in plants and 
animals. Soap is manufactured by hydrolysing fats and 
oils. The term hydrolysis is of Greek origin, and means 
‘water-splitting’. This is the clue to its meaning in 
chemistry. Water (H,O) or compounds containing the 
ingredients of water are split into hydrogen ions and 
hydroxyl groups (OH) which then combine in new 
arrangements. 

Although water is necessary for hydrolysis, hydrolysis 
does not take place in all reactions involving water. It 
is essential that the substance with which the water reacts 
should be broken up. At the same time the molecule of 
water is split up into a hydrogen ion and a hydroxyl 
group (a reactive group comprising one hydrogen and 
one oxygen atom), each of which generally combines 
with one of the fragments obtained by splitting the other 


» substance. 


Thus the reaction between phosphorus trichloride (a 
colourless liquid) and water is classed as hydrolysis 
because both molecules are split up — phosphorous acid 
and hydrochloric acid (both in solution) are formed;— 

oe °@.0° 

+ _> / abe 
@/ 


3. H,O 


PCl, H,PO, 3 HCI 
PHOSPHORUS WATER —_> PHOSPHOROUS -f HYDROCHLORIC 
TRICHLORIDE ACID ACID 


In this instance the hydrogen ions of the water have 
become attached to the chlorine atoms of the phosphorus 


A Modern Soap Pan 


The modern method of making soap is divided into three stages, 

the first of which is saponification. The- mixture of fat and 

concentrated alkali solution is boiled by passing steam through it 

in the pan. Further details of the manufacture of soap will be 
described in a separate article. 
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All the enzymes that 
help to digest the foods 
in the gut, by breaking 
down the large molecules 
into smaller ones, do so 
by the chemical process 
called hydrolysis. 
Many of the reactions taking place in plant cells are also hydro- 
lyses. The enzymes add the elements of water to the neighbouring 
parts of molecules which are ‘tied’ together by chemical bonds. 


trichloride, while the phosphorus atoms combine with 
the hydroxyl groups from the water. Crystals of phos- 
phorous acid may be obtained from this solution after 
the hydrogen chloride gas and the excess water have been 
boiled off. 

Previous articles (pages 162-4, 177-8 and 212-3) have 
shown that when an acid is neutralized by a base a salt is 
formed and water is set free. Provided that both the acid 
and the base are strong, a neutral salt is formed. Such is 
the case when hydrochloric acid reacts with sodium 
hydroxide to form sodium chloride and water: — 


J@ + eo + a 


SODIUM + 


CHLORIDE 


NaOH 

SODIUM 
HYDROXIDE 
However, if either the acid or the base is weak, the salt 
formed will tend to behave as a base or an acid towards 
litmus, turning litmus blue or red as the case may be. 


Thus if acetic acid (a weak acid) is added to sodium 


HCI HO 
++ HYDROCHLORIC —> WATER 
ACID 


' hydroxide (a strong base) in the correct proportions, 


sodium acetate and water are formed. The reaction is, 
however, reversible so that a solution of sodium acetate in 
water contains free acetic acid and sodium hydroxide: — 


fee® + co = gag? + Qo 


CHsCOONa H.0 CHsCOOH NaOH 
SODIUM ue WATER Are ACETIC + SODIUM 
ACETATE ACID HYDROXIDE 


The solution turns red litmus blue (?.¢. is basic) because 
sodium hydroxide is a strong base whereas acetic acid is a 
weak acid. The reaction (from left to right) is, therefore, 
another example of hydrolysis since both the water and 
sodium acetate molecules are broken up by it. 


In a similar way ammonium chloride, the salt formed 
from a strong acid (hydrochloric) and a weak base 
(ammonia) is slightly hydrolysed in solution: — 


ee + c@0 = o@ + [feo 


NH,CI 
AMMONIUM + 


NH, 
AMMONIUM 
CHLORIDE 


HYDROXIDE 

In this instance the solution turns blue litmus red (2.e. 
is acidic). The salt of a weak acid and a weak base (e.g. 
ammonium acetate) will also be hydrolysed in solution, 
and the solution will either be acidic or basic depending 
upon the relative strength of the acid and base. 

The formation of esters in organic chemistry is, in many 
ways, similar to the formation of salts in inorganic 
chemistry. Esters are, in general, pleasant fruity-smelling 
liquids which do not normally mix with water. Many 
are used for flavour purposes — amyl acetate gives pears 
their characteristic taste while pineapples contain ethyl 
butyrate. Amyl acetate is now also used as a solvent for 
cellulose and in the manufacture of cellulose paints. 

Esters may be prepared by heating together car- 
boxylic acids (such as acetic acid) and alcohols. As in the 
preparation of salts from an acid and a base, water is 
also formed when esters are made by such a reaction: — 


H,0 : 
WATER = HYDROCHLORIC = +} 
ACID 


CH,COOH C,H,OH CH;COO C,H H;O 
ACETIC + ETHY pt ch ted eae = WATER 
D ALCOHOL ACETATE 


Since alcohols do not break up into zons in solution 
whereas the true bases (e.g. sodium hydroxide) of in- 
organic chemistry do, the formation of esters is rather a 
slow process. As soon as some of the ester has been formed, 
it begins to split up again into alcohol and acid so that 
the reaction does not go to completion. The process, 
often referred to as esterification, may be speeded up by the 
addition of hydrogen chloride which acts as a catalyst — 
it speeds up the reaction but does not undergo any per- 
manent chemical change as a result of it. 

Since the above reaction does not go to completion it 
is not surprising to learn that it is reversible, and the 
reverse process (the formation of acid and alcohol) is 
yet another instance of hydrolysis. The hydrolysis of 
esters is commonly known as saponification, since one of the 
most important commercial applications of this process 
of hydrolysis is in the manufacture of soap. Soaps 
are the sodium salts of the ‘fatty’ acids, and these are 
obtained by hydrolysis of animal fats and vegetable oils 
which are esters of the fatty acids with glycerine. Sodium 
hydroxide (caustic soda) is used as a catalyst in this 
reaction. 


CH,OOC. (CH3)i6 CHs CH,OH 


3H,O a 


H.OOC. (CH,)s¢ CHs + 


3 CH,(CHy)3 COOH = + CH.OH 


Hy.OOC. (CH,)i. CHs 
TRISTEAROYL GLYCERINE 


CH,OH 
GLYCERINE 


- 


WATER STEARIC ACID 


Some of the more complicated carbohydrates — starches 
and sugars — may be broken down into simple mole- 
cules by hydrolysis. In common with the hydrolysis 
of other organic substances, these reactions proceed much 
more readily with the aid of catalysts. A solution of cane 
sugar (sucrose) can be broken down into equal quantities 
of the simple sugars — glucose (grape sugar) and fructose 
(fruit sugar) — with the aid of dilute acid or the enzyme, 
invertase. The easiest way of showing that the change, 
known as inversion, has taken place is to put the original 
and final solutions in turn into a special piece of apparatus 
called a polarimeter. The solution of sucrose causes the light 
passing through the polarimeter to be turned in a clock- 
wise direction, while after inversion the solution of 
glucose and fructose turns the light anti-clockwise. 


A narrow ribbon of light from the sodium lamp on the right 1s 

passed through the standard sized tube containing the solution. If 

the solution is ‘optically active’, as is the case with a solution of 

sucrose, the ribbon of light is rotated. The observer finds the extent 

of the rotation by turning the left hand end of the apparatus until 
no light is visible through tt. 


There are, in the mouth, enzymes which are suitable for 
bringing about the hydrolysis of ordinary, natural starch, 
to give the sugar, maltose. If a grain of starch is placed 
on the tongue, it is not at first sweet. However, once the 
enzymes have had a chance to act on the starch, the 
substance gradually becomes more sweet as maltose is 
formed. In this way an idea can be obtained of the time 
taken for this type of reaction (the hydrolysis of organic 
materials) to take place. 

In a similar way to the breaking down of sugars, other 
components of food-stuffs are hydrolysed with the aid of 
enzymes as one stage of the digestive processes in the body. 
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ANAESTHETICS 


OMETIMES one takes a couple 

of aspirins to relieve a headache. 
The aspirins lower the activity of 
certain parts of the nervous system 
without affecting the other parts so 
that it is still possible to carry on with 
whatever one is doing. Anaesthetics, 
on the other hand, produce a state 
of unconsciousness (which can be 
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reversed) 
pain. 

Local anaesthetics are not strictly 
anaesthetics. More correctly they 
should be called analgesics since they 
produce relief from pain without loss 
of consciousness. 

For many centuries man has sought 
to relieve pain by administering drugs 


and complete relief from 


- 
=F 


and by hypnotism. The Greeks and 
Romans were certainly familiar with 
the use of hemlock. Little advance 
was made until at the end of the 18th 
century and the beginning of the 19th 
century when many new chemical 
compounds were discovered, a few of 
which (e.g. nitrous oxide, chloroform) 
were of use to medicine. 

In 1799 Sir Humphry Davy (1778- 
1829) is credited with relieving tooth- 
ache by breathing in nitrous oxide 


The anaesthetist (foreground) controls the 

supply of anaesthetic and oxygen to the 

patient while the surgeons (green gowns) 
are operating. 


(‘laughing gas’). He also suggested 
that this gas might be used in surgery. 
In 1853 Alexander Wood, a Scot, 
invented the hypodermic syringe. 
This instrument enabled drugs to be 
given beneath the skin (i.e. sub- 
cutaneously). 

About the middle of the nineteenth 
century the anaesthetic properties of 
four substances were discovered 
almost simultaneously. These were 
nitrous oxide, ethyl chloride, chloro- 
form and ether. An American dentist, 
Horace Wells, is credited in 1844 
with being the first to administer 
nitrous oxide for extracting teeth 
painlessly. Heyfelder used _ ethyl 
chloride in 1848 and Sir James 
Simpson demonstrated the use of 
chloroform as an anaesthetic in 1847. 
Dr. William Morton first used ether 
in 1846 while performing a leg 
amputation. 

Each anaesthetic has its own char- 
acteristic properties and produces 
different effects on the body. The 
effects may differ from person to 
person depending on their state of 
health and on their age. The anaes- 
thetic used also depends on the type 
of operation that is to be carried out. 

Every living cell requires oxygen 
which it uses up in its ‘burning pro- 
cesses’ to supply energy. Different 
tissues use up oxygen at different 
rates. It is the task of the anaesthetist 
(a highly qualified person) to regulate 
the oxygen supply while an anaes- 
thetic is being administered so that 
while the activity of certain parts of 


Anaesthetics and their Uses 


Nitrous oxide-a gas which is stored under high 
pressure as a liquid in steel cylinders. Used with 
oxygen for short operations (e.g. tooth extraction 
and also for minor and major surgery. The proportion 
of oxygen varies, with the circumstances, between 
12%-55%. May be used to maintain anaesthesia 
after injection of another drug (e.g. thiopentone) has 
caused unconsciousness. A drug such as curare may 
be used to relax the muscles completely in certain 
operations and other agents such as pethidine and 
trichloroethylene may boost its effects in some bone 
operations. Nitrous oxide-oxygen mixture has less 
after-effects than other anaesthetics. 

Thiopentone sodium (‘Pentothal’)- one of the barbi- 
turate drugs. Administered by injection into a vein. 
Used to produce sleep. This state is maintained by 
other anaesthetics (e.g. nitrous-oxide - oxygen mix- 
ture). May be used on its own for brief operations. 
Used extensively in World War Il in the treatment 
of battle casualties. Must be used cautiously as an 


the brain is lowered (these are the 
parts which control will power, the 
power of reasoning and the instinct 
to preserve oneself) the other parts 
of the brain, that control vital pro- 
cesses such as breathing and heart- 
beat, and organs such as the heart, 
lungs and kidneys receive an adequate 
supply of oxygen. 

An anaesthetic must not only pro- 
duce unconsciousness and loss of pain. 
It must also produce relaxation of the 
muscles and abolish reflex actions 
(actions which are performed involun- 
tarily in response to a stimulus — the 
kneejerk, for example). This is im- 
portant for if, through handling, a 
muscle contracted of its own accord 
during the operation the surgeon 
might be prevented from reaching a 


it may be introduced into the rectum 
(hind part of the gut). When an 
anaesthetic is inhaled it passes into 
the lungs and is absorbed by the tiny 
blood vessels (capillaries) there from 
which it is carried in the general 
circulation to all parts of the body. 
Those parts that receive the greatest 
blood supply will obviously receive 
more of the anaesthetic than other 
parts. The brain is most richly sup- 
plied with blood vessels so that it 
receives a large proportion of the 
anaesthetic gases dissolved in the 
blood. Anaesthetics that are injected 
into a vein are carried in the blood 
and eventually reach the brain cells 
upon which they exert a temporary 
paralysing action. Drugs that are 
introduced into the rectum pass 


Medical colour codes for cylinders 


NITROUS OXIDE 


OXYGEN 


part that needed surgery — serious 
damage might also result. The ex- 
perienced anaesthetist knows, with 
regard to the patient’s history and 
his condition, which will be the best 
anaesthetic for the job in hand. But 
at the same time he must be careful 
not to give an overdose as this might 
have fatal results. 

An anaesthetic acts upon the brain 
cells. The patient may inhale it, it 
may be injected into a vein (2.e. 
given intravenously) or, infrequently, 


overdose may stop breathing. 

Ether (Diethy! ether) - a liquid which turns to vapour 
very easily. The vapour is explosive. It can be used 
for putting a patient to sleep but because it has a 
pungent smell it is not used when a more pleasant 
alternative is available. It may sometimes produce 
sickness after an operation. It is the most widely 
used anaesthetic for operations on children such as 
the removal of tonsils and adenoids. It acts upon 
the fat-containing cells of the brain occupying space 
that would otherwise be taken up by oxygen so that 
they receive less ps and therefore leave more 
available for more vital tissues. 

Trichloroethylene-a liquid with a sweetish smell 
resembling that of chloroform. Used extensively as 
an analgesic in midwifery in conjunction with nitrous 
oxide-air mixture (gas and air). It may cause rapid 
breathing and irregular heartbeat, the latter effect 
is particularly produced when large quantities have 
been used. It is cheap, however, non-explosive, and 
does not irritate the lung passages. Like ether it 
acts upon the fat-containing cells of the brain. 
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CARBON DIOXIDE CYCLOPROPANE 


through the wall of the rectum and 
are absorbed into the blood vessels 
there. These join the general circu- 
lation which carries the anaesthetic 
to the brain. 

The body is able to break down 
chemically most of the anaesthetics 
that it receives. The liver plays a 
very important part in this break- 
down, the products of which are 
passed in the bloodstream to the 
kidneys which remove them from the 
blood and pass them into the urine. 


Cyclopropane —an explosive gas that is stored as a 
liquid in cylinders. Very suitable as an anaesthetic 
for old people since it can be administered with high 
concentrations of oxygen and is also rapidly removed 
from the body in the breath. May be used in con- 
junction with a nitrous oxide—oxygen mixture. 
Ethyl Chloride -an easily vaporized (volatile) liquid 
which boils at 12:5°C. It is used mainly to produce 
sleep before continuing with ether. It causes uncon- 
sciousness very quickly. 

Chloroform — a cheap, non-explosive liquid which may 
be used to produce (and to maintain) unconsciousness 
and suitably relaxed muscles. It has ill effects on the 
heart and liver, however, and is little used nowadays. 
Halothane — an expensive, non-explosive liquid that 
has a smell similar to that of chloroform. Its molecule 
may be regarded as that of ethane (C,H,) in which 
three hydrogen atoms have been replaced by 
fluorine atoms, one by a chlorine atom and another 
by a bromine atom. It may be used with oxygen or 
nitrous oxide-oxygen mixture. It is more potent 
but safer than ether. 
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ELECTRONICS 


Radio 


F the sounds coming from the loud- 

speaker of a radio receiver corres- 
ponded to all the myriads of broadcast 
signals falling on its aerial, the result 
would be an unintelligible jumble and 
the receiver would be completely 
useless. Any radio receiver must be 
able to select the signals from just 
one transmitter and reject all the 
others. In other words the receiver 
must be able to ‘tune in’ to one 
station at a time. 

A broadcasting station (rather un- 
expectedly) sends out ‘electro-mag- 
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A triode amplifier incorporating a tuned 
anode circutt. 


Tuning 


netic’ radio waves of only one parti- 
cular frequency and does not vary it 
(the varying frequencies of the micro- 
phone are conveyed with it by a 
method that does not change the 
frequency. This will be described in 
later articles). Unless broadcasting 
stations are so far from each other 
that they cannot interfere, no two 
stations should send out waves of the 
same frequency. The tuning of a 
radio receiver is simply a matter of 
making it respond more to radio 
waves of a particular frequency than 


The circuit diagram of the amplifier shown 


on the left. 


to radio waves of any other frequency. 
When radio waves fall on an aerial 
they set up a voltage in much the 
same way as a voltage is set up in a 
coil when a magnet is moved close 
to it and the moving field of the 
magnet affects the coil. The voltage 
set up in the aerial is of precisely 
the same frequency as the waves 
themselves. This oscillating voltage 
causes electrons in the aerial circuit 
to surge backwards and forwards; 
in other words there is an alternating 
current in the aerial circuit. Actually 
every broadcast of every frequency 
will be received at the same time on 
the aerial and there will be an alter- 
nating current for each one. Each 
current has a different frequency and 
all of them conflict with each other. 
The backward electron surges of 
some frequencies reduce the forward 
electron surges of other frequencies or 
some frequencies may at some stage 
add their surges. 

The previous article in this series 
explained how a circuit containing a 
coil and a capacitor will either reject 
or accept a current which alternates 
at one particular frequency. If the 
coil and condenser are in series they 
provide an easy path for current of 
one particular frequency. If they are 
in parallel they provide a difficult path 
for current of one particular fre- 
quency and a comparatively easy path 
for currents of any other frequencies. 
It is rather like a fishing net that will 
hold in its mesh only fish of exactly 
the mesh size, small ones going through 
and larger ones bouncing by it. The 


frequency which is favoured depends 
upon the number of turns, diameter 
and type of core of the coil, and upon 
the area and separation of the plates 
of the capacitor and the material 
between them. By altering, say, the 
area of the capacitor’s plates, the 
circuit can be made to favour current 
of a different frequency. In this way 
the tuned circuit can select just that 
current which corresponds to the 
broadcast signal which is wanted, out 
of the irregularly fluctuating surges of 
current in the aerial. 

This process of selection, called 
tuning, may take place either after 
or before the signal is amplified by 
a valve. In the former case all the 
currents in the aerial circuit are 
amplified and the one required is 
picked out by a tuning circuit con- 
nected to the anode of the amplifying 
valve. In the latter case the required 
current is picked out by a tuning 
circuit and it alone is amplified. One 
circuit of each type is illustrated on 
this page and the facing page. 

The first of the illustrations shows 
the tuning circuit connected to the 
anode of the amplifying valve. In this 
case the surges of electrons are fed to 


A triode amplifier incorporating a tuned 
grid circutt. 


CONNECTION FOR 
AERIAL 


it from outside (z.e. from the anode). 
The arrangement is therefore a parallel 
or rejector circuit. It provides an easy 
path for currents of frequencies other 
than the one to which the circuit 1s tuned. 
The current rejected by the tuning 
circuit is given an alternative route 
leading (via a blocking capacitor 
which prevents the flow of direct 
current) to the grid of the next valve. 
All the other unwanted currents pre- 
fer to take the easy route provided by 
the tuning circuit so they do not 
arrive at the grid of the next valve. 
The second of the illustrations 
shows the tuning circuit connected 
to the grid of an amplifying valve. 
In this particular case the aerial is 
not connected directly to the tuning 
circuit. Instead it is connected to a 
separate coil wound on the same core 
as the tuning coil. The two coils 
together form a transformer. Alter- 
nating currents in the aerial coil 
produce a changing magnetic field 
which cuts through the tuning coil. 
The changing magnetic field in the 
tuning coil sets up voltages which 
cause electrons to surge backwards 
and forwards in the tuning circuit. 
Because the surges of electrons are 
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set up inside the circuit and are not 
fed to it from outside, this arrange- 
ment is in fact a sertes or acceptor 
circuit. It provides an easy path for 
current of a particular frequency and 
a large current of that frequency will 
flow. Currents of other frequencies 
will also flow but they will be very 
weak. The voltage across the capaci- 
tor oscillates with precisely the same 
frequency as the large current in the 
tuning circuit. The voltage oscillations 
are fed to the grid of the valve for 
amplification. 


The circuit diagram of the amplifier shown 
below. 
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IF you whirl a bucket partly full of 


water at arm’s length rapidly 
around your body the contents will 
not spill, even though the bucket is 
tilted over on its side. The particular 
principle responsible for this is known 
to physicists as centrifugal force. As the 
bucket is swung around rapidly the 
water tends to stay in the bucket, 
pressed outwards by centrifugal force. 
This is a _ fairly straightforward 
example of how such a force occurs, 
though there are a great many other 
(and more practical) applications. 

We know from the Laws of Motion 
put forward by Sir Isaac Newton that 
forces always occur in pairs, which 
are equal and act in opposite direc- 
tions. The force needed to keep a 
revolving body from moving outwards 


The Reason Why the Earth is 
not pulled towards the Sun. 


The reason why the Earth is not pulled 
towards the Sun by the attraction of 
gravitation is that centrifugal force is 
constantly tending to pull it outwards. 
In this case the two forces are equally 
balanced. The gravitational force be- 
tween Sun and Earth acts as a centripetal 
force tending to pull the orbiting planet 
towards it. The centrifugal force set up 
by the orbiting movement tends to pull 
the Earth away. The result is that the 
distance between Sun and Earth would 
remain constant, assuming that the 
planet’s speed also remained the same. 
(In fact this is not quite the case, and 
minor variations of speed result in 
slight alterations of distance between 
the Sun and Earth). 

The same principle applies with arti- 
ficial satellites put up to circle the 
Earth. The pull of gravity balances the 
centrifugal forces and the satellites can 
travel at a more or less constant dis- 
tance from the Earth’s surface, assuming 
constant speed. The speed, however, is 
gradually reduced because of the friction 
of the Earth’s atmosphere and satellites 
affected by this will always tend to fall 
towards the Earth eventually. 
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CENTRIFUGAL 


The ‘banking’ on the curve prevents the 
train from coming off the track. 


is known as the centripetal force. It is 
exactly the same size and in the 
opposite direction to the centrifugal 
force. In the case of the example 
mentioned above, this centripetal 
force occurs as strain on the arm 
which holds the bucket. We can see 
how these forces are related to the 
speed at which the object is being 
orbited quite easily. A dramatic 
example occurs with the ‘Wall of 
Death’ rider who circles his bowl-like 
steeply banked track while moving at 
speed. When his machine is moving 
only slowly the rider cannot ascend 
the wall very far. At a higher speed 
so great is the centrifugal force tend- 
ing to push him outwards that he 
can climb high on the track at a 
seemingly terrifying angle. The ‘bank- 
ing’ of a curved railway track involves 
the same principle. Here the increased 
centrifugal force outwards as the train 
moves round the track is shown to 
balance the centripetal force which 
occurs as the sideways strain on the 
rails. This strain is reduced consider- 
ably by tilting (‘banking’) the track 
at an angle, the outer rail (further 
from the centre of the curve) being 


FORCE 


higher than the inner one. 

Where the centripetal force (hold- 
ing the revolving object inwards) 
cannot for some reason balance the 
centrifugal force outwards, the object 
will move further away from the 
centre of the spinning circle. 


The centrifuge is used for separating solid 
Srom liquid or for separating a mixture of 
two liquids of different density. 


A good example of a practical 
application of the principle occurs in 
the centrifuge. Suspensions of solids in 
liquids and also mixtures of liquids 
of different densities, that is, which 
have a different ratio of weight to 
volume (e.g. cream and milk) and 
have been mixed together as an emul- 
sion, will separate if left to stand for 
a long enough time. The pull of 
gravity is greater on the milk than 
on the less dense cream which there- 
fore floats to the top. This process 
can be considerably speeded up by 
whirling the mixture around in a 
centrifuge (a rapidly revolving bowl) 
so that the milk is forced farther out 
from the centre than the cream 
which is not so dense and not so 
strongly acted on by the centrifugal 
force set up. 


HEAT PHYSI cs| 


The Conduction 
of Heat 


EAT energy can be transferred 

from one place to another in 
three ways. Scientists call them con- 
duction, convection and radiation. 
This article is concerned with only the 
first of these; the others will be dis- 
cussed in later issues. 

An everyday example of the conduc- 
tion of heat occurs in boiling a kettle 
full of water on a stove. Heat from the 
gas ring passes through the shell of 
the kettle and into the water by this 
means. Conduction is also the way in 
which heat travels up the handle of a 
poker when one end is in the fire. 
Heat passes by conduction from where 
the temperature is high to where it is 
low. If both ends of the poker are at 


the same temperature there will be - 


flow of heat along it. 


When heat travels in this way it is : 
important to examine the structure< 
of the substances through which it 


passes. Solids, liquids and gases are La 
made up of molecules. Heat entering 


them is passed from one molecule to 
the next without the molecules sub- 
stantially changing their positions. The 
process may be compared to a chain 
of men passing buckets of water from 
a well to put out a fire. The men 
remain more or less stationary and 
thus represent the molecules in the 
substance. The buckets represent the 
heat energy moving along them. 
Although all substances conduct 
heat to some extent, the efficiency with 
which they do it varies considerably. 
Metals in general are good conductors, 
and silver is the best. It conducts 
heat almost a thousand times better 
than some kinds of glass, for example, 
and about four times as well as 
brass. Copper is almost as good a 
conductor of heat as silver. It is there- 
fore used in making such articles as 
soldering irons, kettles, boilers, and 
so on. Bad conductors, known as heat 
insulators, also have their uses. Many 
plastics fall into this class and can be 


Cutaway view of a modern solid fuel stove, showing how conduction helps to transfer the 
heat from the fire to the ovens and to a kettle placed on top (conduction paths in red). 


employed in making handles for tea- 
pots and pokers. Other bad conduc- 
tors are used to insulate the roofs of 
houses, hot-water pipes and cisterns 
against loss of heat, and to insulate 
refrigerators against gaining heat from 
the outside. Water pipes are often 
lagged (bound with hessian or glass 
fibre) so that the liquid will not freeze 
in the low winter temperatures. 

The fact that such a common sub- 
stance as air is a poor conductor of 
heat is very significant. Our bodies 
keep a fairly steady temperature of 


36-9°C. (98-4°F.), while the average 
temperature of our surroundings is 
roughly 20°C. If the air around us 
were a good conductor, our bodies 
would lose heat rapidly and we would 
feel extremely cold. Air is only about 
one ten-thousandth as efficient a conduc- 
tor of heat as copper. It is the basis of 
the insulation provided by our clothes 
and blankets. Spaces in the structure 
of fabrics such as wool and cotton 
retain pockets of trapped air and 
help to regulate the temperatures of 
our bodies, keeping us warm in 
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winter and cool in summer. Perhaps 
the most surprising articles of cloth- 
ing to display this principle are 
string vests. At first sight the mass of 
holes they contain in their net-like 
structure would suggest that they 
would provide no insulation at all. 
Used in conjunction with good wind- 
proof outer clothing they are as 
efficient insulators as anything ob- 
tainable and for this reason are much 
used by Polar explorers and mountain 


climbers who have to face extremes of 
cold. 


So Ss > 


nsulating an attic floor with glass fibre. 
This excellent insulating material reduces 
heat losses in the rooms below, thus allow- 
ing them to remain warmer in winter. 


HOT MOLECULE VIBRATES 
SO MUCH THAT IT COLLIDES 
WITH NEIGHBOUR AND SETS IT VIBRATING 


DIAGRAM SHOWING HOW HEAT TRAVELS BY CONDUCTION 


An experiment to show that water is a poor 
conductor of heat. Even if the top of the 
test-tube 1s heated so that the water there 
botls, ice at the bottom (it must be weighted 
down to stop it floating) will not melt. 
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VIBRATION IS PASSED ON 
FROM LEFT TO RIGHT 


Water is another commonplace bad 
conductor of heat. This may be shown 
by weighting a piece of ice so that it 
sinks to the bottom of a test-tube full 
of water. If the top of the test-tube is 
heated the water there can be made 
to boil, but 
down to the icé whiciremains un-* 
melted at the bottom. Ice is also a 
poor conductor. A layer of ice on a 
pond insulates the water from the 


freezing air aboye it. This fact helps to . 


keep the pond Warm enough for fish to 
survive even/ tM€ severest winters. 


COLD MOLECULE SCARCELY 
VIBRATES AT ALL. IT WILL 
ALLY BE SET VIBRATIN' 


e-héathis not conducted 


BRATING 
BY HOTTER NEIGHBOUR COLLIDING 
WITH IT. 


The blacksmith traditionally used long 
tongs to hold the horseshoe—with shorter 
tongs heat conduction from the shoe would 
make the handles too hot to grasp. 
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The Radio-Frequency Stage 
of a Radio Receiver 


ADIO waves falling on a suitable 

aerial set up fluctuating voltages 
(electrical ‘pressures’) in it. A radio 
receiver takes these fluctuating vol- 
tages, extracts the information they 
contain and delivers it as sound from 
a loudspeaker. The entire process is 
done in a number of steps and each 
step is usually performed by a separate 
‘stage’ of the receiver. The first stage 
of a receiver is concerned with ampli- 
fying the fluctuating voltages set up 
in the aerial. 

The circuit in the illustration is 
designed to fulfil two functions. First 
it has to pick out signals of just one 
frequency. This function is called 
tuning. Secondly it has to amplify 
the signals which have been selected, 
for the fluctuating voltages set up 
in the aerial are in most cases very 
weak. 

The entire circuit consists of five 
parts. On the left is the tuning circuit 


containing two coils wound on the 
same hollow core. One end of the 
first coil (the aerial coil) is con- 
nected to the aerial and the other end 
is connected to the metal chassis on 
which all the components are moun- 
ted. This end of the coil is said to be 
‘earthed’. The two coils together 
make up a transformer. Surges of 
electrons in the aerial coil create 
a changing magnetic field which cuts 
through both the aerial coil and the 
tuning coil. Because the tuning coil 
is in a changing magnetic field, fluc- 


tuating voltages are set up in it 
just like those in the aerial. Electrons 
are forced to surge backwards and 
forwards by the fluctuating voltages. 
The electron surges are in fact alter- 
nating currents. Connected across 
the tuning coil is a very important 
component—the tuning capacitor. As 
the illustration shows, this has two 
sets of plates, one fixed and one 
moveable. By rotating one set of 
plates so that the areas which actually 
face each other are altered, the 
electrical size (capacitance) is altered. 
The circuit consisting of the tuning 
coil and the tuning capacitor pro- 
vides an easy path for alternating 
currents of one particular frequency 
corresponding to the frequency of 
just one of the radio waves falling 
on the aerial. Any one frequency can 
be selected by altering the capacitance 
of the tuning capacitor, and a large 
current of this particular frequency 
flows around the tuning circuit. As 
the current alternates it puts first 
positive and then negative charges 
onto each set of plates of the tuning 
capacitor. Charges from one set of 
plates are fed straight to the control 
grid of the amplifying valve. 

The valve used here is a pentode. 
It has five parts: a central cathode, 
a control grid, a screen grid, a sup- 
pressor grid, and around them all 
an anode. The functions of the 
cathode, control grid and anode are 
the same as those in the triode valve 
(see page 267). The screen grid is 
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The capacitance of a capacitor is a measure of 
how much electrical charge can be stored on its 
plates. It is also a measure of the opposition 
(‘capacitive reactance’) which the capacitor 
offers to the passage of alternating currents of 
a given frequency. The capacitance depends upon 
three factors: (1) the areas of the plates, (ii) the 
distance between the plates and (iii) the type of 
material which lies between the plates. If any 
one of these factors is varied the capacitance 
will be altered. It is often necessary to have a 
variable capacitor—one whose Capacitance can 
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be altered at will. The factor which is most 
usually varied is the area of the plates. The 
larger the area the larger is the capacitance. 
The actual area of each plate is of course fixed, 
but the area which affects the capacitance is not 
the actual area, it is the area by which one plate 
overlaps the other. A capacitor is made more 
compact by giving it several small plates instead 
of just two large ones. Alternate plates are con- 
nected together to form two sets and each set 
is insulated from the other. In a variable capaci- 
tor one set of plates is fixed while the other set 
is mounted on a spindle. When the spindle is 
turned the plates attached to it slide in and out 
of the fixed plates, thus the overlapping area 
alters and with it the capacitance. 


designed to overcome a serious fault 
of the triode. In the triode the con- 
trol grid (always negatively charged) 
and the anode (always positively 
charged) lying close together act 
as the two plates of a capacitor. If 
an actual capacitor were connected 
between the grid circuit and the 
anode circuit it would provide a very 
easy route for high frequency alterna- 
ting currents. It could almost be re- 
garded as a ‘short circuit’; energy 
would ‘leak’ from the output (anode 
circuit) back to the input (grid cir- 
cuit). This is roughly what happens 
in the triode. But if a loosely wound 
wire spiral (a screen grid) placed 
between the control grid and the 
anode is given a positive charge con- 
siderably less than that of the anode, 
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it effectively cuts down the ‘capacitor’ 
effect of the anode and control grid. 

The suppressor grid is designed to 
overcome another fault (which occurs 
in triodes and diodes) called secondary 
emission. When an electron from the 
cathode hits the anode at speed it 
may knock several ‘secondary’ elec- 
trons out of the anode itself. This 
is not serious in the triode, for the 
secondary electrons are repelled by 
the negatively charged control grid 
back to the positively charged anode. 
But having introduced a positively 
charged screen grid between the 
anode and the control grid this situa- 
tion no longer holds good. Now the 
secondary electrons are attracted by 
the positively charged screen grid and 
therefore do not return to the anode. 
This flow of electrons, in opposition 
to the normal cathode-to-anode flow, 
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is avoided by inserting next to the 
anode a third open wire spiral called 
the suppressor grid. Because this grid 
is connected to the cathode it is 
negatively charged and repels elec- 
trons. (Note: the suppressor grid is 
normally connected internally to the 
cathode, i.e. inside the valve enve- 
lope. In the illustration the con- 
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nection is made by a wire hidden 
beneath the valve-holder.) 

The electrons flowing out of the 
anode represent a current which 
fluctuates with the same frequency 
as the voltage variations on the grid. 
They are drawn towards the positive 
terminal of the high tension supply. 
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Circuit diagram of the radio-frequency stage. 


In order to get there they must pass 
through one coil of a transformer. 
The fluctuating flow of electrons in 
the primary coil of the transformer 
produces an alternating voltage in 
the secondary. This alternating vol- 


The cathode circuit provides a bias voltage for 
the control grid. 


tage has the same frequency as the 
alternating voltage put on the control 
grid of the pentode—but it is a very 
greatly increased alternating voltage. 


The output voltage from the trans- 
former secondary may be taken to 
the grid of a second valve for further 
amplification. 

The other components in the illus- 
tration are resistors and capacitors. 
Resistor Ri is simply to drop the 
voltage of the high tension battery so 
that the screen grid is considerably 
less positive than the anode. Capaci- 
tor C, provides a route for any high 
frequency alternating currents which 
might occur in the screen grid cir- 
cuit (i.e. if it acts as an anode) to 
pass to the chassis so that they do 
not affect any other part of the 
circuit. 

The function of resistors R, and R,; 
is to eliminate the need for a grid 
bias battery. The control grid must 
always be more negative than the 
cathode or distortion and waste of 
energy will result. In this amplifier 
(designed for use with a mains supply 


—the full implications of which will 
be explained in following articles) 
it would be inconvenient and un- 
reliable to have the necessary nega- 
tive bias provided by a battery. 
Electrons flowing through the valve 
come from the negative terminal of 
the high tension (high voltage) supply. 
To arrive at the cathode they have 
to pass through the resistors R, and 
R,;. Since electrons flow from nega- 
tive to positive this means that the 
cathode is more positive than the 
bottom end of R,. In other words, 
the bottom end of R,; is more nega- 
tive than the cathode. The control 
grid is connected via the tuning 
circuit to the bottom end of R; (i.e. 
to the high tension negative line) and 
must therefore be more negative than 
the cathode. Thus the grid is made 
negative (compared with the cathode) 
without using a battery. However, 
this method is not satisfactory as it 
stands because the flow of electrons 
to the cathode varies with the signal 
on the grid. When the signal is large 
the electron flow is large and the 
grid bias is therefore large too. When 
the signal is small the electron flow 
is small and the grid bias is small. 
The function of capacitor QC, is to 
maintain a steady grid bias voltage. 
It allows changes in the flow of elec- 
trons to the cathode to by-pass R, 
and R;. Thus there is only a steady 
flow of electrons through R, and R; 
and hence there must be a steady 
voltage across them. 

Resistor R, is a variable resistor. 
Its value can be adjusted merely by 
turning a knob which moves a sliding 
contact from one end of the resistor 
to the other. Because the sliding 
contact ‘taps off’ only a certain 
length of the resistor, only a fraction 
of its total resistance opposes the flow 
of electrons through it. A variable 
resistor is sometimes known as a 
rheostat—a Greek word meaning 
‘flow controller’. This is precisely 
what R, does—it controls the flow 
of electrons to the cathode and 
therefore governs the flow of elec- 
trons through the valve (the anode 
current). This rheostat is a most use- 
ful part of the amplifier, for, by mak- 
ing it possible to control the anode 
current, it acts as a volume control. 
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HE efficiency of a scientific instru- 

ment to carry out its task does 
not depend to any great extent on 
how complicated it is. Indeed, the 
reverse is often the case: the simpler 
the idea the better and more useful 
the instrument will be. The stroboscope 
is an apparatus which can be used 
to examine any regularly repeating 
motion. For example, the vibrations 
of strings and tuning forks producing 
musical notes are so fast that it would 
be quite beyond the capacity of the 
human eye to count their movements. 
Yet the ingenious stroboscope can do 
this very easily indeed. 

A simple stroboscope is a rotating 
disc with holes in it (see illustration). 
It is made to turn by an electric motor. 
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A control is incorporated into the 
motor circuit so that its speed can be 
regulated. A simple counting device 
is arranged to show the number of 
revolutions per minute of the wheel. 
To examine, for instance, the way in 
which the prongs of a tuning fork 
vibrate when struck, the fork is moun- 
ted so that it can be seen clearly 
through one of the holes in the 
stationary stroboscope disc. The 
motor is switched on and the disc 
starts to turn. As it does so a second 
hole moves in front of the eye, then 
another and so on. The eye is looking 
at the tuning fork through a series of 
holes as they pass by. Assuming that 
there are ten holes in the disc and 
that the disc revolves once every 


Using an industrial stroboscope to check 
on the speed of rotation of a drill bit. 
In this case the unit consists of a neon 
lamp which ‘flashes’ at known intervals 
which can be varied. Viewed in the light 
of the lamp the drill bit will appear 
stationary when the flashes are in phase 
with the rotation of the bit. Since the speed 
of flashing is known, the speed of rotation 
of the bit can quickly be worked out. 


second, the eye views the fork inter- 
mittently ten times each second. In 
other words, for a fraction of a second 
the eye sees the fork, which then dis- 
appears behind the disc, to reappear 
when another hole intervenes. This 
happens ten times a second. 

Assuming that the prongs of the 
fork are vibrating, and that they are 
moving from side to side 10 times a 
second (in fact they would move much 
more rapidly), then the prongs would 
appear to be stationary, because each 
time the eye sees them (10 times per 
second) they would be in exactly the 
same phase of their movement, e.g. 
stretched apart or close together. 
On the other hand if the prongs vi- 
brated only nine times each second 
a slightly different phase would be 
seen through each successive hole 
and the prongs would seem to move 
slowly. Only when the number of 
vibrations and the number of glimpses 
per second are equal will the prongs 
appear stationary. 

Hence, knowing the number of 
holes in the disc and the speed of the 
disc when the fork appears stationary, 
it is possible to work out accurately 
how many vibrations the prongs 
make each second. There is one 
complication however. Although the 


in * 
current) may ; 
gauging the speed of 


prongs will be seen to be stationary 
when the vibrations occur say 10 
times each second, they will also 
appear to be still if the fork is vibrat- 
ing twice as rapidly (20 times per 
second). In fact within reason any 
multiples of 10 vibrations per second 
(e.g. 30, 40) will give the same result. 
It is therefore necessary to counteract 
this. Having once found a disc speed 
at which the prongs appear stationary, 
it is slowed down to see whether this 
effect occurs again below that figure. 
In this way the operator can find the 
real frequency at which the prongs 
vibrate. Having found the right disc 
speed a simple calculation (number of 
revolutions multiplied by the number 
of holes in the card) will give the exact 
frequency at which the fork vibrates 
for a given note. The technique can 
also be used with vibrating strings. 
There are many variations on this 
simple stroboscope, used both to 


A simple laboratory stroboscope. The vibra- 
tion of the tuning fork prongs is viewed 
through holes in a revolving disc. When 
the fork vibrations are in phase with the 
number of holes through which it is viewed 
each second the fork prongs will appear to 
be stationary (see panel on right). 


measure the rate at which objects 
vibrate or rotate and to ‘freeze’ such 
movements so that the object can be 
examined just as easily as if it were 
at rest. One of them consists of a 
card with alternating black and white 
sectors used for checking the speed 
of rotation of gramophone turntables. 
As the disc rotates with the turntable 
it is examined by the light of a lamp 
working from the A.C. mains supply. 
(Although a filament lamp will suf- 
fice, a fluorescent lamp is much 
better.) In Great Britain the frequency 
of the A.C. mains is fixed at 50 cycles 
per second. This means that 100 times 
every second (i.e. twice in each cycle) 
there is no current flowing through 
the lamp, and although it is not 
usually noticeable, the lamp flickers 
on and off 100 times every second. If 
the disc moves so that one sector 
exactly replaces another in one-hun- 
dredth of a second, the eye will not 
see any movement and the rotating 
disc will appear stationary. One of 
the rings of a typical stroboscopic 
disc has 180 sectors equally spaced 
around it. If one sector replaces an- 
other 100 times every second the 
180 
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a revolution in 1 minute. This works 


out to 33} revolutions per minute—the 
standard speed for long-playing records. 

Stroboscopes of a different kind are 
used in many branches of industry 
where machinery parts need to be in- 
spected while they are in motion or 
where pages have to be examined 
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If the movement of the disc corresponds 
to the frequency of the tuning fork’s 
vibration the fork appears still because 
the same phase of the vibration is always 
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If the movement of the disc holes does 
not correspond to the vibration of the 
fork (i.e. is out of phase), the fork will 
appear to move slowly, a different phase 
being seen through each successive hole. 


while they pass in rapid succession 
through a printing machine. These 
stroboscopes are simply neon lamps 
which flash on and off at a known 
rate. The number of flashes per second 
is varied by adjusting the electrical 
circuit of the lamp until the move- 
ment (it must be a repeating move- 
ment) is ‘frozen’ and the object 
appears to be at rest. 
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OCKS are the key to the past. To 

the geologist they are like the pages of 
a history book, though far more difficult to 
read since they may be torn, bent, upside 
down and scattered over a wide area. The 
geological time scale, based mainly on the 
record of sedimentary rocks, covers the 
span of the Earth’s long history and allows 
geological events to be related in chrono- 
logical order and assigned to their correct 
positions in time. 

Sedimentary rocks are those formed by the 
deposition of sediment beneath water. It 
stands to reason that a certain layer of 
sediment must be deposited before the layer 
above it and thus must be older. So it follows 
that when the rocks are raised above the 
sea you would expect any rock layer to 
be younger than the one it is resting upon. 
This is the Law of Superposition. If every 
region had a simple structure this law would 
hold true everywhere, but in many areas 
the layers have been twisted, ruptured 
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and even overturned by earth movements, 
so that at first glance the reverse of the 
Law of Superposition may seem to hold 
true. An even greater complication in 
drawing up the geological time scale is that 
no single region contains a complete record 
of the past. If it did, the thickness of the 
sedimentary rock covering would be some- 
thing like one hundred miles. The fact 
is that deposition of sediment has always 
been going on in one region while the land 
is being eroded in another, just as it is 
today. Take, for example, the case of a 
region which has just been uplifted from 
the sea. The simple horizontal layers of 
sedimentary rock may be folded and squeezed 
into uplands by earth movements, and 
these will gradually be worn down by 
weathering and erosion to (for the sake of 
convenience) a flat plain. At a much later 
date, the truncated folds of the ancient 
uplands may once more be submerged 
beneath the sea and fresh layers of sediment 
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Cutting down over a mile into the 
land to form the Grand Canyon, 
Arizona, U.S.A., the Colorado River 
has exposed rock layers representing 
400,000,000 years of history. 


laid down upon them. Then the whole 
region may later still be uplifted again to 
form dry land. It will now show a suc- 
cession of rock layers, but these will not 
represent successive phases in the Earth’s 
history; there may be a gap of many mil- 
lions of years between the deposition of 
the older sedimentary rocks and the newer 
layers above. Fortunately, this time gap 
can be detected, for the newer, horizontal 
layers will appear to rest uncomfortably or 
unconformably upon the older, folded layers 
beneath. The surface of separation between 
the two is called an unconformity. Uncon- 
formities in rock layers always represent a 
gap in time. Since deposition must have 
been going on somewhere else in the world 
during this time gap (when the old up- 
lands were being eroded) there must be 
rocks somewhere which will fill it. The 
great problem is how to recognise these 
intervening layers where and when they are 
found. This is where the value of fossils lies. 


An unconformity in rock layers represents a time gap 
in geological history. 


Fossil Evidence 

Fossils are the remains or traces of plants 
and animals which have been preserved 
in various ways, sometimes for many mil- 
lions of years. It was William Smith, the 
Father of English Geology, who first real- 
ised in the late 18th century that certain 
fossils were confined to certain rock forma- 
tions. He reasoned, correctly, that it should 
therefore be possible to identify a particular 
rock formation, wherever it was exposed, 
by the fossils it contained. The reason why 
certain fossils appear only in certain rocks 
is quite simple: life forms have evolved 
continuously throughout the Earth’s long 
history. Thus a single species of plant 
or animal is confined to a certain span of 
time and its fossilised remains or traces 
will only appear in rocks laid down during 
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that time. Since the pattern of evolution is 
clearly recorded in successive rock layers 
which have not been greatly disturbed it is 
possible to recognise rocks in one region 
as filling in a time gap in another region 
by the fossils of transitional life forms they 
will contain. And an apparently unnatural 
sequence of fossils will also show rock 
layers which have been overturned. 

Thus, with the aid of fossils it has been 
possible to build up a record of the rocks 
of various ages arranged in chronological 
order (the geological column) and to 
draw up the geological time scale. 


Volumes, Chapters and Paragraphs 

Since the geological history of the Earth 
covers such a great span of time it is very 
convenient to divide it up into smaller 
units (though not all geologists agree that 
there are natural divisions which have a 
world-wide application). One dividing line 
can quickly be drawn at the point in the 
past where fossils start to appear in con- 
siderable numbers in rocks and from then 
on reveal the changing pattern of life up 
to the present day. The two sections re- 
sulting from this division have been named 
the Cryptozoic Eon (Greek kryptos=hidden 
and zoon=life) and the Phanerozoic Eon 
(Greek phaneros=evident and zoon=life).The 
Phanerozoic Eon is in turn divided into 
three eras (a division based upon life forms), 
namely the Palaeozoic Era (Greek palaios = 
ancient), the Mesozoic Era (Greek mesos 
=middle) and the Cenozoic Era (Greek 
kainos =recent). The Cryptozoic Eon em- 
braces over 80% of geological time, but 
any attempt to divide it into smaller units 
can only be done on a local basis owing 
to the scanty information offered by the 
rocks where fossils are conspicuous by their 
absence. 

Eras of time correspond to groups of 
rocks, but the rocks of the Cryptozoic 
Eon are collectively termed Precambrian 
and the term Archaean refers not to rocks of 
the formal Archaeozoic Era but to the 
oldest known Precambrian rocks of a 
particular region. 

The eras of the Phanerozoic Eon are 
further subdivided into periods of time, each 
of which corresponds to a system of rocks. 
Both the period and the system bear the 
same name, which usually refers to the 
region where the system was first defined. 


Calibrating the Time Scale 


The geological time scale gives the 
relative ages of geological events. It 
indicates that the vast swampy forests, 
from which the world’s great coal de- 
posits are derived, flourished after the 
Old Red Sandstone of the Devonian 
Period had been laid down and prior to 
earth movements which resulted in the 
uplift of the Appalachians of North 
America, a range of mountains which 
probably rivalled the present Alps in 
height. But it does not indicate the 
absolute age of the Coal Measures, nor 
the Old Red Sandstone. 

It was only the discovery of radio- 
activity in the closing years of the last 
century that paved the way for calibrat- 
ing the geological time scale fairly 
accurately and thus converting geologi- 
cal or relative time into absolute time. 
Certain rocks can be dated by the radio- 
active minerals they contain. For radio- 
active elements, such as uranium and 
thorium, gradually break down or decay 
into more stable elements (in these 
cases lead). Since the rate at which this 
happens can be calculated, it is possible, 
by noting the amount of lead produced 
at the expense of uranium or thorium 
in such rocks, to determine their age. 
In practice this is more difficult than it 
seems, for one gram of uranium will 
yield just 0-000136 gram of lead in one 
million years. So, a very small error in 
assessing the uranium/lead ratio means 
an error of many millions of years in the 
final calculation of the age of the rock. 

Nor is this the only problem, for, 
generally speaking, radioactive minerals 
are found in igneous rocks and it is 
often difficult to date these geologic- 
ally. |If the particular igneous rocks 
happen to occur as a lava flow in sedi- 
mentary rock layers then they can 
easily be dated geologically by the 
strata immediately above and beneath 
them. But say they have resulted from 
the injection of molten material into 
the sedimentary rocks from below; 
certainly they are younger than the in- 
vaded sedimentary rocks, but how much 
younger ? When the dated igneous rocks 
can be related closely in age to the 
associated sedimentary rocks they act 
as markers in the geological time scale. 


Thus the Cambrian Period is named after 
Cambria, the Roman name for Wales, 
where this system of rocks was first recog- 
nised. On the other hand, the Cretaceous 
Period was so named because of the promi- 
nence of chalk amongst the rocks of this 
system (Latin creta=chalk). 

Periods of time can be further divided 
into epochs corresponding to series of rocks. 
In general the divisions of a period have a 
local rather than world-wide importance. 
For instance, in Britain the Ordovician System 
is divided into four (or five) series. But the 
same system in North America is divided 
into just three series. Series of rock can 
themselves be divided into formations. A coal 
seam, for example, is a formation. 
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OT only is nitric acid one of the most im- 

portant mineral acids, but in addition it 
is a very useful oxidizing agent (i.e. it can add 
oxygen to other substances). Whereas hydro- 
gen is set free when the majority of acids are 
poured on the more reactive metals, there 
is a great tendency for nitric acid (unless it 
is very dilute) to oxidize the hydrogen 
formed in such reactions. The hydrogen is 
oxidized to water, and one or more of the 
gaseous oxides of nitrogen are set free. At the 
same time a nitrate of the metal is also formed. 
Thus, when dilute nitric acid reacts with 
zinc, nitrous oxide is formed. 
4Zn + I0HNO, -> 4Zn(NO,), + N,O + 5H,O 
ZINC NITRIC ZINC NITROUS WATER 

ACID NITRATE OXIDE 

As nitric acid is a liquid with a fairly low 
boiling point (86°C.), it can be obtained quite 
easily from its salts by reactions with acids 
which do not evaporate so readily. In the 
past the acid was obtained on an industrial 
scale by such a reaction between sodium 
nitrate (Chile saltpetre) and concentrated 
sulphuric acid. However, as the principal 
world source of sodium nitrate is situated in 
the South American continent, the high cost 
of shipping the nitrate to Europe has led to 
the development of other ways of manufactur- 
ing nitric acid. 

The alternative method for manufacturing 
nitric acid is to synthesize it (i.e. build 
it up) from ammonia and oxygen. In general, 
the ammonia will already have been syn- 
thesized from nitrogen and hydrogen by the 
method described in a previous article (Issue 
No. 19, page 299). The formation of nitric 
acid by the oxidation of ammonia takes place 
in several stages, but the overall effect may be 
represented thus: 

NH, + 20, + HNO, + H,O 
AMMONIA OXYGEN NITRIC ACID WATER 

A mixture of 1 volume of ammonia and 9 
volumes of air at a pressure about eight times 
that of the atmosphere is passed through 
platinum-rhodium gauze pads. The platin- 
um-rhodium gauze acts as a catalyst, by 
speeding up the reaction, but does not itself 
undergo any permanent chemical changes as 
a result. Heat is given out by the reaction, 
and the catalyst is maintained at a tempera- 
ture of about 940°C. Some excess heat is 
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removed from the converter by preheating the 
filtered compressed air on its way to the mixer. 

Oxides of nitrogen are formed in the con- 
verter by oxidation of the ammonia. In addi- 


In these converters which contain platinum-rhodium gauze pads, nitric acid 1s synthesized from ammonia 
and oxygen (air). 
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tion, there is steam, nitrogen and some oxygen 
in the hot gases leaving the converter. The hot 
gases are cooled by stages to about 50°C., and 
in the most up-to-date plant the heat removed 
from the gases leaving the converter is not 
wasted. It is used in producing superheated 
steam for use in various parts of the works. 

The cold gases from the converter are 
mixed with more filtered air and passed to 
the foot of the absorption column down which 
water flows. As the oxides of nitrogen rise up 
inside the column they are met on successive 
trays by the water which is flowing down- 
wards. The oxides of nitrogen are absorbed 
in the water and nitric acid is formed. A 
yield of over 90% of the maximum possible is 
claimed in modern plants. 


Here the hot gases from the converter are cooled 
before passing to the absorption tower (behind). 
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Uses of Nitric Acid 

One of the principal uses of nitric 
acid is in the manufacture of nitrates 
which are used as fertilizers, either alone 
or more frequently in various ‘com- 
pound’ fertilizers. Ammonium nitrate 


is particularly useful for this application | 


because it contains two forms of nitro- 
gen—both in the ammonium ion and the 
nitrate ion—which can be taken up 
easily by plants. Care has to be taken 
in handling this compound as it is ex- 
plosive if it is heated. Ammonium 
nitrate is, in fact, a constituent of 
certain explosives, such as amatol. 


FERTILIZERS 


Large quantities of nitric acid are used 

in the manufacture of explosives, such as 
T.N.T. (trinitro-toluene), cordite (nitro- 
glycerine and nitrocellulose) and gun 
cotton (nitrocellulose). When the com- 
pounds are heated or are struck, large 
juantities of hot gases are produced and 

_ the pressure exerted by the gases in a 
small space causes the explosion. There 
is so much oxygen in the molecules (e.g. 

_ nitroglycerine) that when the substance 
explodes there is some oxygen gas left 
over. (See Issue No. 10, page 154.) 


- Other industrial uses of nitric acid 

include the manufacture of the nitro- 

‘compounds which are used in making 
any artificial dyes, and the preparation 

ver nitrate which is required in 
“ie santities for photographic pur- 
_ poses. Nitric acid is also mas for son 
_ ing metals before electroplating or weld- 
Nest is employed for etching designs 


on ps pil in the making of certain 
_ types of printing plate. 
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Properties of Nitric Acid 


Nitric acid has the usual properties of an acid, except in those instances in which it 
acts as an oxidizing agent. Thus it will react with basic oxides, hydroxides and carbonates 
of metals to form the nitrate of the metal. For example, calcium nitrate is formed from 
calcium carbonate and nitric acid: 


@+S > se ee + -o@ 


2HNO, => Ca(NO,), + co, + H,O 
CALCIUM NITRATE CARBON DIOXIDE WATER 


Caco, rt 
CALCIUM CARBONATE NITRIC ACID 


However, if the other substance taking part in the reaction is a reducing agent (i.e. 
the opposite to an oxidizing agent), the nitric acid will act as an oxidizing agent rather 
than as an acid. Thus if nitric acid is poured over ferrous (iron) oxide, ferric nitrate is 
formed and nitric oxide is set free: 


3FeO 23 10HNO, = > 3Fe(NO,), + NO +  5H,O 
FERROUS OXIDE NITRIC ACID FERRIC NITRATE NITRIC OXIDE WATER 


In this reaction the oxidizing agent (nitric acid) has been reduced to nitric oxide, while 
the reducing agent (ferrous oxide) has been oxidized to ferric nitrate. 

As mentioned at the beginning of this article, concentrated nitric acid is a powerful 
oxidizing agent. Its unusual behaviour in reactions with metals has already been pointed 
out. Nitric acid will also oxidize non-metals. Thus with hot concentrated acid, iodine is 
oxidized to iodic acid: 


31, ra 10HNO, ie 6HIO, + 10NO + 2H,O 
IODINE NITRIC ACID lODIC ACID NITRIC OXIDE WATER 


while phosphoric acid is obtained from phosphorus: 


~ 


3P i SHNO, ED ,PO, 
PHOSPHORUS NITRIC ACID WATER PHOSPHORIC ACID NITRIC OXIDE 


The salts of nitric acid—the nitrates—are generally readily soluble in water. They 
break up when heated and the products of the reaction depend upon the metal concerned. 
Thus when potassium nitrate is heated oxygen is set free and potassium nitrite is left. In 
contrast, metallic silver is left behind when silver nitrate is heated—nitrogen peroxide and 
oxygen are set free as well. 
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Parasites, Saprophytes 
and Insect-Eating Plants 


Sia green plant is able to make its 
own food in photosynthesis, but 
some plants (even green plants such as 
mistletoe) attach themselves to other 
plants or animals and feed off them. 
Plants such as these are called para- 
sites, and the plants or animals 
attacked are called hosts. 

Other plants called saprophytes feed 
only on dead or decaying matter. 
Such are the fungi, including many 
bacteria, mushrooms, toadstools and 
moulds. Some plants form a very 
close partnership with other plants 
and depend on them for their food, 
though both derive benefit from the 
relationship. The Bird’s Nest Orchid, 
for example, forms a close relationship 
with a fungus—an ‘arrangement’ 
called a mycorrhiza (mike-o-RISE-a). 
Yet other plants supplement their 
food-making processes by catching in- 
sects. These insectivorous plants have 
the most remarkable devices for trap- 
ping their prey. 


Parasites 

A large number of plants are para- 
sitic. Only a few flowering plants feed 
off others, but a great many fungi are 
parasites, some of them causing dis- 
eases of considerable economic impor- 
tance. Potato Blight, Ergot of Rye 
and Wheat Rust are examples. 

Mistletoe is a flowering plant which 
is a parasite on other plants, such as 
the Apple and Hawthorn, growing 
high up on their branches. It is un- 
usual, amongst parasites, in that it 
possesses green leaves and so is able to 
make some of the food that it requires. 


It is thus a partial parasite, sending 
out outgrowths (suckers) which pene- 
trate the tissues of the host plant and 
rob it of the food materials that it 
has manufactured for itself, also ob- 
taining a supply of water and miner- 
als. The growth of the suckers keeps 
pace with the growth of the host’s 
tissues so that once they are estab- 
lished they never lose contact with 
their food supply. Yellow Rattle and 
Eyebright are other partial para- 
sites. 

The Dodder is another parasitic 
flowering plant. It is a complete para- 
site, and, like a relative, Convolvulus 
(bindweed), it is a climbing plant. 
The leaves are tiny scale-like struc- 
tures that are completely lacking in 
chlorophyll. The brightly coloured 
red or yellow stem twines itself round 
such hosts as Nettles, Heather or 
Clover. Where it comes into close 
contact with the host’s stem it sends 
out suckers (haustoria) which pene- 
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trate the host’s tissues and suck up 
food materials. Once the young seed- 
ling has made contact with a host 
plant its feeble root withers and 
from then on it is entirely dependent 
on its host for food. It eventually 
produces small ‘rosettes’ of pink 
flowers in which numerous tiny seeds 
are produced. This minimises the 
risk of the next generation being 
unable to find a new host. 

The Toothwort is parasitic on the 
roots of Elm and Hazel trees. Its 
underground parts put out suckers 
which penetrate the roots of these 


A young mistletoe plant on its host. Both 
are partly cut away to show the suckers. 


plants and so it obtains nourishment. 
The Broomrapes are also root-parasites 
growing on roots of Gorse, Clover and 
Broom. 

There are several noticeable fea- 
tures about these complete parasites. 
Chlorophyll is nearly always lacking 
or is present only in minute traces. 
The leaves, which in green flowering 
plants are the food-making organs, 
are much reduced in these parasites 
and numerous tiny seeds are usually 
produced. In fact development of the 
vegetative parts (leaves, etc.) is sacri- 
ficed in favour of a high rate of seed 
production. 

Many fungi are parasites, some on 
other plants, others on animals. Typi- 
cally the ‘body’ of a fungus consists 
of a loose network (mycelium—my- 
SEAL-ium) of delicate threads 
(hyphae—high-fee). These are able to 
penetrate the tissues of the host be- 
cause they produce enzymes at their 
tips which dissolve away obstructing 
cell walls—digesting the cell contents 
so that they can be absorbed in a 
simple, broken-down form. 

Water moulds are fungi that only 
live in water. Some attack fishes and 
amphibians, producing serious dis- 
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eases. Saprolegnia forms loose networks 
over the gills of fishes, eventually 
blocking them so that no water can 
pass in and out carrying the fish’s 
supply of oxygen. The fish may die 
through lack of oxygen. 

Many of the blights and mildews 
are common pests of other plants. 
Phytophthora, the potato blight fungus, 
causes a serious disease of the potato 
plant. After first attacking the leaves 
and killing them, it then invades the 
rest of the plant’s tissues, eventually 
rotting the tubers and destroying a 
whole potato crop. The blight spreads 
by producing slender stalks on which 
spores (conidia) are formed. These 
infect other plants when they are 
blown about by the wind. In the past 
potato blight has produced serious 
potato famines, particularly in coun- 
tries such as Ireland, where potatoes 
are the staple food. 

The sac fungi include many impor- 
tant parasites. Ergot of Rye, Black- 
knot of plums and cherries, apple 


(1) The sulphur-coloured bracket fungus. (2) The Fly Agaric, a fungus that 1s poisonous 
to man. (3) The Wood Blewit 1s common in woods and on heaps of dead leaves. 


BOTH DIAGRAMS ARE HIGHLY MAGNIFIED 


(Left) The blue-green mould Penicillium. 
Aspergillus (right) attacks leather and 
stored products such as grain. Both moulds 
thrive in damp conditions. 
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scab, wart fungi, and the organisms 
causing leaf curl in peaches, are 
examples. Ergot infests the seedboxes 
(ovaries) of such cereals as Rye, Oats 
and other grasses. Its activities be- 
come noticeable at harvest time, as the 
seeds are turned black by the masses 
of hyphae. These drop off the host 
plant in the autumn and lie dormant 
during the winter. In the spring they 
produce spores which are light and 
may be carried by the wind to infect 
new hosts. The spores sprout on the 


The Wheat Rust, Puccinia graminis, attacks the leaves and stems of Wheat. During the 
summer infected Wheat becomes coloured orange-red by the spores of the fungus. 


host and the hyphae rapidly grow 
through the ovaries, feeding on the 
supply of food there. As they grow, 
more spores of a different kind are 
produced and a sugary liquid released 
at the same time. Insects attracted 
to this trap the spores on their 
bodies and transport them to fresh 
hosts as they move from plant to 
plant. 

Many other diseases are caused by 
sac fungi. The white mildews affect 
gooseberries, roses, peas, cucumbers, 
hops and wheat. Other fungi, also 


INSECT-EATING PLANTS 


Some plants living in marshy or boggy 
places are able to obtain part of their food 
by capturing and digesting insects with 
juices (enzymes) similar to those found in 
the guts of animals. The insectivorous 
plants, as they are called, are mainly found 
in tropical and subtropical regions. 

Though insectivorous plants are able to 
live without their insect food (they all have 
green leaves which make food by photo- 
synthesis), they produce fewer flowers and 
seeds if deprived of it. The soil on which 
they live is poor in minerals, especially 
nitrates. Insects are a rich source of nitrate 
and protein and make a valuable addition 
to their food. 

The intricate devices for trapping in- 
sects are specially modified leaves or parts 
of leaves. In Venus’s fly-trap the two lobes 


called mildews but which are not sac 
fungi, infect cabbages and grapes. 
Related to these are the rusts, all of 
which are parasites. The best known 
is probably the rust Puccinia graminis, 
which attacks the stems and leaves of 
wheat. During the summer infected 
wheat becomes coloured orange-red 
by the spores of the fungus. They may 
be carried by the wind and so infect 
other plants. Towards the end of the 
summer clusters of another kind of 
spore are produced. These are black 
and survive the winter. In the fol- 
lowing spring they sprout (germinate) 
and produce spores which do not in- 
fect wheat, but which infect the leaves 
of the barberry plant. Eventually new 
spores are produced on the undersides 


An ear of Rye attacked by Ergot. Some of 
the seeds have been turned black by the 
masses of hyphae. 


of the leaves. These spores only attack 
the wheat plant. The life cycle of the 
wheat rust thus involves two host 
plants. 

Other rusts attack two host plants 
while some are confined to one host 
plant. Control of parasites which have 
a two-host life history has been pos- 
sible by eliminating one of the hosts, 
particularly when this is not economi- 
cally important. Destruction of the 
barberry plant has controlled the 
spread of wheat rust. 

Temperature, rainfall and other 


of the leaf blade are hinged at the midrib. 
On their upper surfaces are sensitive hairs. 
The lobes of the leaf snap together, trap- 
ping the insect when these are touched. 
Pitcher plants have their leaves modified 
to form deep pots (or pitchers) that con- 
tain water. Downwardly pointing hairs and 
the tip of the pitchers prevent insects that 
slip into them from getting out. They 
eventually drown in the water and are 
digested by enzymes released from glands. 
The sundews have their leaves covered 
with tentacles which produce sticky 
liquid. Insects are attracted by the glisten- 
ing tentacles and may be trapped in the 
gluey liquid. The tentacles then bend over 
towards the middle of the leaf-blade and 
the insect is enclosed. Digestive juices are 
released from glands on the tentacles and 
the soft parts of the insects are digested. 


factors may affect the growth and the 
spread of parasitic fungi. These fac- 
tors may also reduce or increase the 
severity of the diseases that they 
cause. Potato blight, for example, 
spreads most readily during spells of 
warm, damp weather. The effects 
that they have on their hosts will like- 
wise vary. Leaves may be destroyed 
and hence the manufacture of food 
prevented; the blocking of food and 
water channels may prevent move- 
ment of substances from one part of 
the plant to another. Excessive growth 
of the host’s tissues is common. 

Most fungi are saprophytes, that is 
they live on dead and decaying plant 
and animal remains. The importance 


of saprophytes is that by breaking 


A pitcher of the 
Pitcher plant in 
which an insect has 


been trapped. 


down dead remains they prevent the 
Earth’s surface from becoming littered 
with great piles of waste. In breaking 


(Left) Apple Scab is a disease caused by a 
fungus. (Right) A bad attack of Potato 
Blight rots the tuber of the Potato. 


down the remains they not only 
obtain food for themselves but they 
also make substances available to 
other organisms. Many bacteria are 
particularly useful in this respect. 
Some break down organic compounds 
in the soil into ammonium com- 
pounds. Others convert these to ni- 
trites; yet others convert nitrites to 
nitrates. Nitrates are the green plant’s 
main source of nitrogen. This circu- 
lation of compounds containing nitro- 
gen is termed the Nitrogen Cycle. 
There is a similar circulation of car- 
bon in Nature between the organic 
compounds and carbon dioxide in the 
atmosphere. Ultimately bacteria 
break down the organic compounds 
into carbon dioxide, water, nitrates 
and other mineral salts. These are 
the raw materials that green plants 
require. 

Familiar saprophytes are mush- 
rooms, toadstools, many moulds, 
mildews and yeasts. Some are of 
economic importance. The blue- 


green mould Penicillium, for example, 
is cultured for the production of the 
drug penicillin. 


An insectivorous plant, Venus’s Fly-trap. Two of the leaves have snapped shut trapping 


insects inside them. 5 
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HE sound of a person’s voice is the 

vibrations of the air caused by the 
vocal cords in his throat. These are 
transmitted through the air, picked 
up by our ears, and translated into 
sounds by the brain. The microphone, 
described in a previous article (Issue 
No. 16) is an instrument which makes 
an electrical reproduction of sound 
waves. The value of this is that sound 
waves die away with distance but it 
is possible to send an electrical repro- 
duction of the sound waves more or 
less any distance. 

A microphone, however, is of little 
value by itself; there must be some 
way of turning the electrical im- 
pulses back into actual sound waves 
when they arrive at the required 
destination. The instrument which 
does this is a loudspeaker. The most 
common type, the moving coil loud- 
speaker, is really the reverse of a mov- 
ing coil microphone. In the micro- 
phone, sound waves striking a dia- 
phragm cause it to vibrate and set up 
an electric current in an attached 
coil of wire varying in time and in 
strength with the vibrations of the 
speaker’s voice. In the loudspeaker 
the varying electric current causes 
a diaphragm to vibrate in time and 
in strength with it. The vibrations 
of the diaphragm are transmitted 
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through the air to our ears and inter- 
preted by the brain as a faithful 
reproduction of the speaker’s voice. 
In a loudspeaker, the wires from 
the amplifier (this is a device used to 
strengthen the signal) are connected 
to a small coil which is suspended 
between the poles of a fixed, per- 
manent magnet. Now, when an elec- 
tric current flows through a coil of 
wire it produces a magnetic field. 
Thus, when the electrical impulses 
from the microphone pass through the 
coil of the loudspeaker they cause it to 
behave as a magnet and be repelled 
by the fixed permanent magnet. The 
amount of repulsion depends upon the 
strength of the magnetic field of the 
coil (the magnetic field of the per- 
manent magnet remaining constant), 
which, in turn, depends upon the 


WIRE CONNECTING 
TOP OF COIL TO 
TERMINAL. A SIMILAR 
WIRE CONNECTS 
THE BOTTOM OF 
THE COIL TOA 
SECOND TERMINAL 
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'~ THE LOUDSPEAKER 


is governed by the volume of the 
speaker’s voice. And in a similar way, 
the rate at which the coil vibrates is 
governed by the frequency of the 
vibrations striking the diaphragm of 
the microphone (the pitch of the 
speaker’s voice). Thus, the coil in the 
loudspeaker vibrates in time and in 
strength with the vibrations of the 
voice of the person speaking into the 
microphone. 

The only thing that remains is to 
transmit the vibrations of the loud- 
speaker coil through the air to the 
ear of a listener. This is done by 
means of a thin paper, stiffened fabric 
or metal cone which is attached to, 
and moves with, the coil. The vibrat- 
ing cone pushes and pulls the sur- 
rounding air and thus sends out sound 
waves which will be interpreted by 
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Diagram of a moving coil or dynamic loudspeaker 


current flowing through it. But the 
current entering the coil of the loud- 
speaker is governed by the amplitude 
of the sound waves striking the dia- 
phragm of the microphone (the 
volume of the speaker’s voice). Hence 
the amount of movement of the coil 


the brain as a faithful reproduction of 
the speaker’s voice. 

In some loudspeakers (particularly 
for public address) the vibrations of 
the cone are fed into a large horn 
which distributes them through the 
air in a required direction. 
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Electrical Theory 
behind the Microphone 


N a previous article (Issue No. 16, 

page 241) the thesia: was 
briefly explained to show that sound 
waves can be reproduced electrically. 
The present article deals with ‘the 
various ways in which this can -be 
achieved from the electrical point 
of view. Every microphone works on 
the same basic principle. Each con- 
tains a diaphragm which vibrates in 
sympathy with sound waves striking 
it. The vibrating diaphragm then 
either sets up or modifies an electric 
current which varies in strength and 
in time with its own vibration and 
hence with the vibration of the 
speaker’s voice. The main difference 
between the various types of micro- 
phones is the way in which the 
vibration of the diaphragm is con- 
verted into a varying electric current. 

In one common type of micro- 
phone the diaphragm is attached to 
a light coil of wire between the poles 
of a permanent magnet. As the 
diaphragm vibrates in sympathy with 
the speaker’s voice the coil moves 
with it. Whenever a wire is moved 
near the end of a magnet an electric 
current is set up (always providing 
that there is a circuit for it to flow 
through). Thus, the to and _ fro 
motion of the coil sets up a to and fro 
electric current in step with it. The 
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amount the diaphragm and attached 
coil moves (this is governed by the 
amplitude of the sound waves) deter- 
mines the amplitude of the current. 
Thus the moving coil sets up an 
electric current which varies in time 
and in strength with the vibration 
of the diaphragm and hence with 
the vibration of the speaker’s voice. 
The ribbon microphone works on 
the same principle but in this case 
there is no diaphragm as such. In- 
stead, a corrugated ribbon of alu- 
minium alloy is suspended in a 
strong magnetic field in such a way 
that it can be moved to and fro by 
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(Above) Diagram of a ribbon microphone. 
(Right) An actual microphone of this type. 


Diagram of a carbon 
microphone. 
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The mouthpiece of a telephone 
contains a carbon microphone. 
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(Above) Diagram of a moving coil 
microphone and an actual hand microphone 
of this type. 

sound waves striking it. The to and 
fro motion of the ribbon sets up a to 
and fro electric current varying in 
time and strength with the vibration 
of the speaker’s voice, just as the 
moving coil does in the previous 
microphone. 

The microphone in the mouth- 
piece of a telephone works on a 
rather different principle. In this 
case the diaphragm carries a small 
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disc of graphite. Sandwiched be- 
tween this and a similar disc fixed 
nearby are a number of fragments of 
graphite loosely packed. The prin- 
ciple here is that the electrical 
resistance of the graphite sandwich 
depends upon how tightly the 
graphite fragments are packed, and 
this varies with the vibration of the 
diaphragm (the loose graphite filling 
of the sandwich being alternately 
compressed and released). Thus a 
current passed through the micro- 
phone from a battery will vary in 
strength in time with the vibrations 
of the diaphragm, too, and hence 
with the vibration of the speaker’s 
voice. 

The crystal microphone, which has 
many advantages over the carbon 
granule type, utilises the fact that 
when certain crystalline substances, 
such as quartz, are squeezed, positive 
and negative charges appear on them. 
A flat crystal of quartz or Rochelle 
salts (sodium potassium tartrate) is 
sandwiched between two metal plates 
and connected by a pin through a 
hole in the front plate to the dia- 
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(Above) Diagram of a crystal microphone. 
(Below) An actual microphone of this type. 


phragm. When sound waves strike 
the diaphragm and cause it to vibrate, 
a varying pressure is applied by the 
pin to the crystal, and varying 
charges appear on opposite faces of 
the crystal. A varying voltage is 
therefore set up between the two 
plates. This is fed to an amplifier 
which delivers a current varying in 
time and in strength with the vibra- 
tion of the diaphragm. 

Yet another type of microphone 
contains a condenser, a device for 
holding static electricity. One plate 
of the condenser forms the dia- 
phragm while the other is fixed. The 
capacitance of the condenser (the 
amount of charge it can hold) de- 
pends upon the gap between the 
two plates (the smaller the gap the 
greater the capacitance). But since 
the gap between the plates varies in 
time with the vibration of the dia- 
phragm so does the capacitance of 
the condenser. The two plates of the 
condenser are attached to the ter- 
minals of a battery which provides 
the charge (as much as the con- 
denser will take). The varying charges 
are then fed to an amplifier where 
they modify an electric current so 
that it varies in time and in strength 
with the vibration of the diaphragm. 


PHYSIOLOGY 


NERVOUS SYSTEMS 
IN INVERTEBRATES 


INVERTEBRATE 


VERTEBRATE 


Diagrams that compare the position of the nerve cord in invertebrates and vertebrates. In invertebrates with a central nervous system the 
nerve cord lies beneath (ventral to) the gut. In vertebrates the nerve cord 1s always above (dorsal to) the gut. 


CAT lies hidden in the grass 

waiting to spring on an unwary 
bird or a mouse; it turns on its heels 
and runs at the sight of a dog or 
alternatively it freezes in its tracks, 
arches its back and hisses violently. 
In another instant it is carrying out 
the most delicate cleaning operations. 
All these actions require great co- 
ordination- one leg must ‘know’ 
what the other is doing. Each part of 
the body must be told when to act 
and must act in the right way; there 
must be a regulating system. 

The nervous system fulfils both 
these roles in higher animals. This 
article is the first on nervous systems 
and will deal with invertebrates. 
An article on vertebrate nervous 
systems and another on the operation 
of muscles by nerves (autonomic ner- 
vous system) will follow. 

Simple animals, such as Amoeba, 
have no nervous system. The single 
cell responds to changes in the sur- 
roundings. But in higher animals 
specialised structures — receptors (e.g., 
eye and ear) — respond to changing 
conditions. This results in signals 
travelling by way of nerves from 
them to the central nervous system 
(brain and spinal cord). The infor- 
mation conveyed in these signals is 
combined with the record of past 
events that is stored in the brain. 
The ‘decision’ reached by the brain 
cells is passed as a signal through a 
nerve to an effector (e.g. muscle or 
gland) which performs the appro- 
priate action. 

If we are reading a book and the 
lighting is poor then the signals 
reaching the brain from the eye are 
interpreted. Messages to the muscles 


(effectors) cause them to contract and 
so we move and put the light on. 
If the radio is on too loud the signals 
reaching the brain from the ear result 
in our moving to turn the volume 
down. The information that the brain 
has stored from past experiences 
enables the brain to decide very 
quickly what is a normal and pleasant 
situation and what is abnormal and 
unpleasant. 

Besides carrying out these ‘reas- 
oned’ actions we also perform what 
are called reflex actions. If you place 
your finger on a hot object you 
automatically pull it away very 
quickly. A tap on the leg just below 
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the kneecap causes the leg to jerk 
upwards. When the leg is tapped a 
receptor is stimulated. This results in 
signals passing along a nerve to the 
spinal cord. Nerves there are stimu- 
lated and signals pass along them 
to the appropriate muscles of the leg 
which contract and jerk the leg up- 
wards. The brain is not ‘consulted’ 
directly in a reflex action. The signal 
from the receptor passes straight into 
and away from the spinal cord so 
that the necessary action is produced 
very quickly. Nerves that carry signals 
from sense organs are called sensory 
nerves, and nerves that carry signals 
to effectors are called motor nerves. 


INNER CELL LAYER 
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MUSCLE TAILS 


SENSE CELLS 


A diagram to show the arrangement of the network of branched nerve cells over both 
surfaces of the mesogloea and their connections with the muscle tails and sense cells of 
the inner and outer layers of cells in a coelenterate. 
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The simplest animals with a ner- 
vous system have no central control- 
ling centre. The nervous system con- 
sists of a scattered net of nerve cells 
over the surfaces of the middle layer 
of the body wall. As we pass up the 
evolutionary tree of the animal king- 
dom towards the tips of the branches 
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In some coelenterates (e.g. sea 
anemones) the axons of the nerve 
cells are relatively long (up to 8 
millimetres). They can conduct im- 
pulses more quickly than several 
unconnected nerve cells because the 
impulses are delayed in the latter 
when they ‘jump’ across the junctions 
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The nervous system of a flatworm consists essentially of a nerve net. The rudiments of a 


central nervous system can be seen. 
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we see how the nervous system 
becomes more complicated. The more 
active the animal the greater is the 
co-ordination that is required and so 
in the mammals we see the nervous 
system developed to its highest level. 

Hydra, is one of the simplest animals 
with a nervous system. It consists of 
a hollow two-layered sac open at one 
end, by way of the mouth, round 
which is a ring of tentacles. Between 
the two layers of cells is a jelly-like 
middle layer, the mesogloea, ovér both 
surfaces of which there is a network 
of branched nerve cells. The cell 
processes (axons) do not touch those 
of neighbouring cells. Special cells 
(sense cells) in the outer cell layer are 
connected to the endings of some of 
the nerve cells. When a sense cell is 
touched signals spread from the con- 
nected nerve cell in all directions to 
other neighbouring nerve cells even- 
tually reaching effectors (e.g., 
muscles). The signal from a receptor 
does not pass along a definite path 
to a specific effector as would be the 
case in man, for example. Any change 
in conditions therefore affects large 
parts of the animal. 
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The nervous system of an earthworm (an annelid). A double 
ventral nerve cord passes down the body from the simple 
‘brain’. (right) the nerve connections between successive 
segments and the two types of muscle in each segment. 


between neighbouring nerve cells. 
These junctions are called synapses. 
Thus sea anemones are able to 
contract quickly. 

Nerve cells in a nerve net conduct 
signals in all directions depending on 
where the signal that reaches them 
has travelled from. In higher animals 
each axon conducts signals in only 
one direction. But because a nerve is 
made up of many axons or nerve 
fibres signals can pass in both direc- 
tions along it. 

The nervous system of flatworms 
consists essentially of a nerve net 
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but there are the beginnings of a 
central nervous system at the head 
end. Here there are masses of nerve 
cells (ganglia—singular ganglion) 
from which some of the strands are 
more obviously thickened than the 
others — sufficient for them to de- 
serve the name of nerve cords. Flat- 
worms have eyes, organs of touch and 
other sense organs at the ‘head’ end. 
Signals pass from these, when they 
are stimulated, to the head ganglia. 
The latter act as a relay system and 


yy 


ry 
“ie 
Si 


A 
PA ebsts - 


Zae> 


GANGLIA 


pass on the messages to the nerve net, 
signals from which cause the muscles 
to act. 


The nervous system found in 


annelids (ringed worms, e.g., the 
earthworm) is an advance on that 
of flatworms. It has the form of a 
double chain of ganglia on the lower 
(ventral) side of the body, each 
segment of the worm possessing one 
pair of ganglia. There is also a 


link-up between sensory and motor 
nerve fibres in the ganglia of each 
segment. Adjacent segments are 
linked by nerves as are the two types 
of muscle (circular and longitudinal) 
in each segment. The annelid central 
nervous system acts not only as a 
link but also as a controller. One 
pair of ganglia, lying above the gut 
(see illustration), prevent (inhibit) 
movement, while another pair below 
the gut cause movement by sending 
signals to the muscles. The central 


The nervous system of a snail. There is 
little centralisation (1.e. the ganglia are 
spaced and not concentrated to form a 
brain as in insects). 


The nervous system of the cuttlefish. The 
brain is well developed. 


The nervous system of the midge, Chironomus. 


nervous system is not just a link; it 
also controls the actions of the animal 
in that messages originate there and 
cause or suppress movement. 

The arrangement of the nerves 
between the two muscle layers of an 
earthworm is such that when one is 
contracted signals from it pass via a 
sensory fibre to the central nervous 
system (nerve cord) and from there to 
the other muscle layers by way of a 
motor nerve thus suppressing the 
contraction of that layer. In this way 
only one of the two layers is con- 
tracted at any one time (in one part 


of the worm). A link up between 
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successive segments along the worm 
ensures also that one part of the worm 
remains thin (the circular muscles are 
contracted, the longitudinal muscles 
are relaxed) and another part is fat 
(the circular muscles are relaxed and 
the longitudinal muscles are con- 
tracted). Also waves of contraction 
are able to pass down the worm and 
so it moves along in its characteristic 
way (see Issue 6, page 85). 

In the nerve cord of the earthworm 
three nerve fibres are much larger 
than the others. These giant nerve 
fibres (up to # millimetre in dia- 
meter) form an ‘express’ conducting 


system and enable the whole worm to 
act as one very quickly when the head 
ganglia are stimulated. If, for ex- 
ample, the worm encounters some- 
thing unpleasant, all the longitudinal 
(lengthwise) muscle fibres contract - 
rapidly. 

In some bristleworms the eyes and 
other sense organs (e.g. tentacles) are 
well developed. The ‘brain’ (i.e. head 
ganglia) is correspondingly well de- 
veloped. Thus these animals are 
capable of more complicated — 
behaviour. 
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ATOMIC CHEMISTRY 


COLLOID 


AIST, Indian ink and milk may 
not appear to have much in 
common, but all three are known 
to the chemist as colloids. They all 
consist of dispersed (scattered) par- 
ticles which remain in suspension 
for some considerable time, provided 
that other conditions are unchanged. 
Thus mist consists of very fine water 
droplets dispersed in the air, (i.e. 
liquid dispersed in gas) while Indian 
ink consists of very small carbon 
particles dispersed in water (i.e. solid 
in liquid). Some of the fat in milk is 
dispersed in the water which makes 
up about 90% of milk, forming a 
colloid which is known as an emulsion. 
This term applies to any colloid in 
which one liquid is dispersed in 
another. 
Colloids may be regarded as the 
stage between true solutions and 
coarse suspensions. In a true solution, 


the solute (the substance which is 
dissolved in the solvent) is broken up 
into separate molecules, which may 
in turn break up (dissociate) into 
ions. The separate molecules in a 
true solution are, of course, so small 
that they cannot be detected, even 
with the aid of the electron micro- 
scope. In contrast, the particles in a 
coarse suspension are sufficiently 
large, consisting as they do of many 
molecules each, that they may be 
removed from the suspension by 
filtration. Furthermore, the size of 
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the particles in a suspension is such 
that even the finest particles will 
settle to the bottom of the container 
in a period of a few days, while the 
coarser particles settle out in a few 
minutes. 

The properties of colloids lie be- 
tween those of true solutions and of 


coarse suspensions. The colloidal 
particles are sufficiently large 
to be photographed using the 


electron microscope, but they are 
still small enough (about one million 
particles placed side by side measure 
I cm.) to remain in suspension in- 
definitely. Colloidal particles do not 
settle out of the dispersion, neither 
is there a filter fine enough to remove 
the colloidal particles from the sol- 
vent in which they are dispersed. 
When a powerful beam of light is 
brought to a focus in a colloidal dis- 
persion, and the focal point is ob- 


served through a powerful microscope © 


which has been set up so that the 
microscope is perpendicular to the 
path of the beam, a large number of 
brilliant discs are seen. These discs 
are not still; they are forever dancing 
around in the solvent rather like 
mosquitoes in the air. This random 
motion of colloidal particles, which 
is caused by the solvent molecules 
hitting the dispersed particles uneven- 
ly, is referred to as Brownian Movement, 
since it was Robert Brown who first 
noticed this effect in 1828. 
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The path of the beam of light passing through the bottle on the right is visible because 
the colloidal particles reflect its rays. There is nothing to reflect light passing through the 
true solution (left). This is the Tyndall Effect. The arsenic sulphide solution in the 
U-tube tends to move towards the positive electrode when the current 1s switched on. This 
migration of colloids in an electric field is called electrophoresis. 


In an apparatus such as this a water-in- 


kerosene emulsion can be broken. The 
separate water droplets are brought to- 
gether in it, and since water 1s denser than 
the kerosene, water can be withdrawn 
Srom the base. 


The substance which is dispersed 
(i.e. the solute) is often referred to as 
the disperse phase, while the solvent 
in which it is dispersed is known as 
the dispersion medium or more rarely 
the continuous phase. 

Certain substances have the power 
to trap molecules of other materials 
on their surfaces. This property is 
known as adsorption. A large number 
of reactions such as the formation of 
ammonia from hydrogen and nitro- 
gen will only occur at such surfaces, 
since the various reactants have first 
to be brought together by adsorption. 
It is thought that many catalysts are, 
in fact, adsorption agents, and since 
the surface areas of colloids are far 
greater than those of a corresponding 
weight of coarser particles catalysts 
are often used in the colloidal state. 
Margarine is manufactured by intro- 


ducing extra hydrogen atoms into 
the molecules of certain vegetable 
oils. Fine nickel filings are used as a 
catalyst. Likewise many of the chemi- 
cal reactions in the living cells of 
plants and animals depend upon the 
colloidal nature of the protoplasm. 

New manufacturing processes are 
being continuously developed for the 
chemical industry, and many of the 
reactions depend for their success 
upon the use of catalysts. There is, 
therefore, a regular need for catalysts 
which frequently have to be in the 
colloidal state. A number of methods 
for preparing colloidal dispersions 
have, for this reason, been developed. 

The various methods of obtaining 
substances in the colloidal state may 
be divided into two groups. Either 
massive pieces of the material are 


broken down by various means, such 
as by grinding with a very fine mill 
until the particles have been reduced 
to colloidal size, or particles of the 
correct dimensions are built up by 
smaller particles joining together, or 
by controlled chemical reactions. 

To obtain colloidal gold an electric 
arc is struck between two gold wires 
dipping in water which is kept cool 
with ice. Small fragments of the 
metal are torn away from the wire, 
and the coarser of these are removed 
by filtration. The size of the fat par- 
ticles in milk may be reduced until 
they are of colloidal size, by means 
of high frequency sound waves. The 
very rapid vibrations reduce the size 
of the fat, particles so much that 
there is no longer any tendency for 
the cream to rise to the top of the 
milk bottle and there form a separate 
layer. This process is called homo- 
genization and aids the digestion of 
the milk. 


In contrast the silver bromide for 
photographic films and plates is 
specially manufactured by mixing 
solutions of silver nitrate and potas- 
sium bromide, both of which also 
contain gelatin. By this means the 
grain size of the silver bromide par- 
ticles formed in the reaction is care- 
fully controlled. In this instance the 
emulsion of gelatin is said to be acting 
as a protective colloid, since it renders 
the silver bromide dispersion more 
stable. If silver bromide is made with- 
out the aid of gelatin much coarser 
particles are obtained. 

When the temperature of the 
atmosphere decreases sufficiently, the 
water vapour in the air condenses 
(turns to liquid) around dust particles 
in the air. These particles are still 
sufficiently small that they remain 


suspended in the air. The result is an 
aerosol which is more commonly 
known as mist or fog, or, at higher 
altitudes, cloud. 

The stability of colloids is, in many 
instances, due to the electrical charges 
on the dispersed particles. Since all 
particles of the same substance in a 
colloidal dispersion carry the same 
charge, and since like charges repel 
one another, there is little chance of 
the separate particles coalescing (com- 
ing together). 

Colloids of this type can often be 
destroyed by the application of an 
electric field. It has been found that 
the colloidal particles are either 
positively or negatively charged and 
will migrate towards one electrode 
only. This process is known as 
electrophoresis. The very fine dust in 


flue gases can be removed by having 


alternate positively and negatively 
charged plates across the width of 
the chimney. Such an arrangement 


is known as an ¢électro-static precipitator. 
Liquid colloids can also be destroyed 
by the addition of suitable electro- 
lytes (i.e. a solution which will con- 
duct an electric current and which 
contains free charged particles—ions). 

The stability of colloids can be a 
cause of considerable nuisance in 
some circumstances. The kerosene 
which is used as a fuel for jet aircraft 
absorbs water from the atmosphere 
to form a stable water-in-oil emulsion. 


As will be seen from the table below, 
colloidal dispersions exist for all states 
of matter. But since gases always exist 
as separate molecules which are distant 
from one another, it is not possible 
to have a gas-in-gas colloid. The other 
eight possible combinations are known, 
and some of these have special names, 
as shown. 


Most of the colloids listed in the table 
are either naturally occurring, or are 
manufactured articles which are now 
commonplace. However, man-made 
colloids are put to considerable use in 
the chemical industry, because in the 
colloidal state a substance is divided 
into many small particles which have a 
much larger surface area than would 
be the case if it was left as a coarse 
suspension. Furthermore, the character- 
istic stability of the colloidal state (the 
particles remain uniformly dispersed 
for a long time) eliminates the need for 
constant stirring which would otherwise 
be necessary to obtain good mixing. 


Since jet aircraft often fly at high 
altitudes where external temperatures 
may be below the freezing point of 
water, there is a considerable risk of 
engine failure due to the water drop- 
lets in the kerosene freezing in the 
supply lines to the engines. To over- 
come this danger the oil companies 
have gone to considerable lengths to 
remove traces of water from the kero- 
sene before it is loaded into the 
aircraft fuel tanks. 
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DOwN the mine, on the road, in 

the home, in the shipyard— 
these are only a few of the places 
where pneumatic (compressed air) 
tools are used. So wide is the range of 
appliances using compressed air in 
one form or another, that it is difficult 
to select any one which is typical. 
However, almost all such equipment 
may be divided into three parts— 
a compressor unit, piping carrying 
the compressed air to the tool, and 
the pneumatic tool itself. 

The compressor is a pump which 
may be driven by a petrol or diesel 
engine or by an electric motor. At one 
time use was made of reciprocating 
pumps in which the air was com- 
pressed by a piston. But this type 
is generally being superseded by 
rotary vane pumps. A detailed des- 
cription of air compressors will be 
the subject of a future article in this 
series. 

From the compressor the air is 
carried by pipes to the tool. Al- 
though the compressor is usually 
stationary, the pipes often need to be 
flexible so that the tool may be used 
in various positions. The pipes there- 
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Pneumatic hammer. 


fore, have to be specially reinforced 
to withstand the wear caused by 
dragging them across rough surfaces 
and to withstand the pressures within 
them without leaking. 

Although quite a number of tools 
are operated by compressed air, they 
can be divided into two groups 
depending upon the type of motion 
which is required. Pneumatic drills 
(mechanical picks), digging spades 
and riveting tools are all pneumatic 
hammers and require reciprocating 
(backwards and forwards) motion, 
whereas grinding and __ polishing 
wheels and twist drills must rotate. 

In any type of pneumatic hammer 
the actual tool is struck repeatedly 
by a cylindrical loose piston or bullet 
which is made to move backwards 
and forwards inside the cylinder by 
the force of the compressed air. The 
connection to the compressed air 
supply is usually made through the 
handle which incorporates a throttle 
valve. This valve controls the quantity 
of compressed air entering the cylin- 
der and this in turn affects the 
frequency with which the piston 
strikes the tool. 


Once the compressed air has passed 
through the throttle valve, it may 
follow one of two paths depending 
upon the position of the valve plate 
in the valve chamber. In the first posi- 
tion the compressed air presses down 
on the end of the piston nearest to 
the handle and drives the piston 
downwards towards the tool. As the 
piston approaches the end of the 
downward movement, it passes an 
exhaust port through which the com- 
pressed air in the cylinder escapes. 
This sudden drop in air pressure in 
the cylinder also pulls the valve plate 
to its second position and air then 
passes into the far end of the cylinder 
and drives the piston back up the 
cylinder. As the piston approaches 
the handle again, another exhaust 
port is exposed and the compressed 
air behind the piston escapes. The 
valve plate returns to its first position 
and the cycle of operations is 
repeated. Each time the piston is 
forced to the bottom of the cylinder, 
it strikes another blow on the tool 
which is fitted in the pneumatic 
hammer. 

As well as being used in road 
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drills, the pneumatic hammer prin- 
ciple is used in various tools for 
burring over rivets and in cutting 
the heads off old rivets. It is also used 
in tools for removing scale from metal 
and: in cleaning down metal and 
stonework. 

The majority of rotary pneumatic 
tools are driven by rotary vane 
motors. In these motors the com- 
pressed air presses in turn against a 
number of vanes or blades projecting 
from a rotor and makes it rotate. 
The rotor is housed in a cylinder 
whose diameter is rather larger than 
that of the rotor. The rotor is situated 
in the cylinder so that one point of the 
circumference of the rotor almost 
touches the inside surface of the 
cylinder—the centre of the rotor is, 
therefore, some distance from the 
centre of the cylinder (i.e. it is 
eccentric). 

The vanes which are made of a 
light plastic material can slide into 
grooves in the rotor and each one is 
held against the surface of the cylinder 
by a spring which is fixed in the 
groove. Compressed air enters the 
cylinder on one side of the point 


where the rotor almost touches the 


cylinder, and the space between 
pairs of vanes is filled one after 
another. As the air expands into this 
space, the blades are forced away 
from the air inlet and rotary motion is 
produced. As soon as the volume of 
the air trapped between the vanes 
starts to be re-compressed because of 
the changing size of the air space, 
the trapped air is able to escape 
through the exhaust ports. 

Motors which incorporate _ this 
principle can be used for driving 
chain saws, wood borers and various 
tools for drilling and ‘tapping’ 
(cutting screw threads in) holes in 
metal. They can also be used as the 
source of power in grinders, rotary 
brushes, power screwdrivers and 
wrenches. “ate: 

Since the source of compressed air 
(the compressor) ‘can be some dis- 
tance away from the tool, pneumatic 
tools are often used in places where 
it would not be safe to.use tools 
which were driven directly by elec- 
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tricity, or by an internal combustion 
engine. Such is the case in mines or 
oil refineries where a spark might 
cause a serious fire or explosion. 


Cross-section through a rotary vane motor 
(simplified). The vanes which slide into 
the rotor are pushed up against the walls 
of the cylinder by the springs. 
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HEN a fire burns in the grate the 

smoke (tiny particles of un- 
burned carbon) is seen to rise up the 
chimney. The smoke particles rise 
because the air in which they are 
suspended is warmer and consequent- 
ly less dense than the surrounding 
air. The movement of air as it is 
warmed or cooled produces what 
physicists call convection currents, and 
in fact they provide one of the main 
means by which heat is passed from 
one place to another (see also Con- 
duction, Issue 22, page 338). 

To understand how convection 
currents are set up it is necessary to 
see what happens when a fluid 
substance (a liquid or a gas) is 
heated. The energy which is passed 
into the fluid causes its molecules to 
become ‘excited’—they move about 
more vigorously, and as a result 
they tend to move farther from each 
other. In other words, the substance 
expands. As it expands it becomes 
less dense, since the same amount of 
it (one gram, say) takes up more 
space. One gram of air for example, 
takes up 773 c.c. of space at o°C., 
but if it is warmed to 30°C., one 
gram of air takes up 858 c.c. of space. 
Since warm air is less dense than 


(Right) Part of a 
central heating system. 
Cool water is fed to the 
bottom of the boiler ana 
rises by convection as it ts 
heated. From the top o 
the boiler it circulates 
round the radiators, losing 
its heat, and returns to 
the bowler for the cycle to 
be repeated. 

(Below) an experiment 
- with convection currents in 


water, using specks of dye 
to trace out their paths 
(see text). 
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cold air it tends to float on the cold 
air in much the same way that oil 
floats on water. The result is that 
warm air rises and cold air sinks. 

The convection principle can be 
seen very clearly at work in the venti- 
lation of a room. Ventilation is 
necessary because the occupants need 
continual supplies of fresh air and in 
order to obtain it the old used air 
(which is rather deficient in oxygen 
and has rather too much carbon 
dioxide in it) has to be removed. 
Take for example a room which is 
heated by a radiator, and which has a 
window partly open at the top and a 
closed door. The warmed air in front 
of the radiator becomes less dense as 
a result of its being heated, and 
therefore begins to rise. As it does so 
the colder air in the room displaces 
it. So the upper part of the room 
becomes warmer than the lower part. 
As the warm air reaches the level of 


the partly opened window it tends to 
go through it to the outside. At the 
same time cold air from the outside 
is drawn into the room through the 
lower part of the window, through 
cracks beneath the door, between the 
floorboards and so on. Thus there 
is a continual circulation of air, 
coming into the room low down, con- 
stantly being warmed by the radiator, 
rising because it is less dense, and 
passing out of the upper part of the 
window. From this, one must draw 
the conclusion that slight draughts in 
a warmed room are actually desirable 
if not inevitable. Without them the 
air would merely circulate in con- 
vection currents around the room 
without any actual change. Where 
all cracks in windows and doors are 
stopped up it would not be possible 
for air to be changed, and the atmos- 
phere would soon become foul. 
The ventilation system described in- 
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Smoke from the smouldering paper reveals 
the path of the convection current. This 
system was once used in ventilating mines 
—a fire, represented by the candle, drew in 
a downward current of cool, fresh air. 


volves convection currents on a com- 
paratively small scale. Such currents 
can operate over a much greater area, 
and in fact are amongst the main 
causes of winds. The principle can often 
be seen working quite clearly in coastal 
areas. During the daytime the land 
is warmer than the sea (because the 
land warms up more quickly) and 
tends to heat up the air above it. 


This warm air rises and is displaced 
by cooler air from over the sea, the 
movement producing a breeze from 
sea to land. At night, however, since 
the land cools down more rapidly 
than the sea the situation is reversed. 
The air over the sea is now warmer 
than that over the land. In rising 
it draws in cooler air from over the 
land producing a breeze from land to 
sea. Even this is a rather local effect, 
and it is true to say that even on a 
global scale the main wind pattern 
is largely the result of convection 
currents of air which is heated at the 
Equator more than at the Poles. 

So far we have described convec- 
tion only as it applies to gases, but 
the way in which the convection 
currents behave is often better seen 
in a liquid. It can be simply demon- 
strated in the following experiment. 
A glass beaker of water is arranged 
so that the bottom of it can be gently 
heated in the centre by the flame 
of a bunsen burner. A crystal of 
potassium permanganate (a violet 
dye) is dropped to the bottom of the 
beaker. As the dye gradually dis- 
solves in the water the colour traces 
out a pattern of the movements of 
the convection currents. It will be 
seen that first the warmed water 
over the flame rises to the surface 
where it gradually cools. Because it 
is now denser than the water being 
heated below, it descends in the 
outer parts of the beaker. When this 
descending current reaches _ the 
bottom, it is heated again and rises up 
in the centre as before. The water 
movements look rather like a foun- 
tain and distribute the heat through- 
out the contents of the beaker. Con- 
vection currents working like this 
are responsible for most of the heat 


A sea breeze on a hot summer’s day. The 
land is warmer than the sea. The warm 
land air rises by convection and the denser 
air from the sea moves in to ‘fill up’ the 
Space. 


heated by a fire. 


transfer around the water in a kettle 
or saucepan. The actual passage of 
heat from the gas or electric burner 
through the metal to the water is 
carried out by conduction. 

Perhaps the outstanding domestic 
example of convection currents in 
liquids is found in the hot water 
system. Although the actual details 
of the arrangements of pipes vary 
somewhat, a central feature is almost 
always the pair of connections be- 
tween the boiler where the water is 
heated and the tank where the hot 
water is stored. In a typical arrange- 
ment water taken from the bottom 
of the hot tank is passed down a 


An electric convector heater, where cool 
air passing in at the bottom (blue 
arrows) is heated by the element and 
rises from the top (pink arrows). 
(inset) Diagram showing the con- 
vection currents set up im a room 


pipe to the bottom of the boiler sited 
either in a stove or at the back of a 
fire. This water is heated in the 
boiler and, becoming less dense, 
rises up another pipe from the top of 
the boiler into the top of the hot tank, 
by convection. Since the water in 
the lower part of the hot tank is 
always denser than that at the top 
(because of the difference in tem- 
perature) a flow of heated water is 
continuously maintained as long as 
heat is applied to the boiler. As hot 
water is drawn off from the upper part 
of the tank it is replaced by cold 
water from the cistern entering at the 
bottom of the hot water storage tank. 
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| DYNAMICs | 


ENERGY 


Chemical energy is locked up in the food 


we eat: when the food combines with 
oxygen this energy is released. This 
athlete is measuring the amount of oxygen 
he uses during exercise. 

E hasn’t much energy today; 

I doubt if he will be able to do 
much work”. This is an everyday 
use of the word ‘energy’ and the 
physicist’s meaning of the term is 
very similar, though rather more 
strict. A scientific definition of energy 
is ‘the capacity to do work.’ 

Energy is found in many forms. 
The heat released by a burning fire is 
just as much energy as the electrical 
energy which lights a lamp bulb. 
Similarly light is itself a form of 
energy. So is the mechanical energy 
used to make machines work. Other 
forms of energy are chemical energy, 
magnetic energy and atomic energy. 
Not only is energy found in various 
different forms, one form can quite 
easily (though with a certain amount 
of wastage) be converted into another. 
In a power station, for example, 
heat energy (used to produce the 
steam) is converted into mechanical 
energy (in a turbine) which drives 
the generator which in turn pro- 
duces electrical energy which can be 
used to produce light energy and 
heat energy in a lamp. 
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Surprisingly enough we can never 
destroy energy. When we move a 
finger we are using up energy, and, 
more often than not, have no useful 
work to show for it. But energy has 
not been destroyed—only converted 
into some other form. In this case it 
may have been given as heat to the 


air surrounding the finger. It may 
be wasted, but never lost. Careful 
measurements have. shown that 


energy 1s never created nor destroyed. 
This is known as the Law of Conserva- 
tion of Energy. It means, in fact, that 
the total amount of energy in the 
whole universe has always been the 


same, and will always be the 
same. 
Under certain circumstances, 


matter can be converted into energy. 
In an atomic explosion, for example, 
a minute quantity of matter is con- 
verted into a vast amount of energy. 
This is not a contradiction of the Law 
of Conservation of Energy, since 
energy is not being created from 
nothing, but from matter. Matter is 
just another form of energy. 

Virtually the whole of physics is 


One of the disc brakes from a racing car. 
The kinetic energy possessed by the 
moving wheel is not destroyed when the 
brake is applied — it is converted into heat 
energy. On test the disc ts nearly white-hot. 


concerned in some way with the study 
of energy. Mechanical energy is con- 
sidered to be either kinetic (associated 
with moving objects) or potential which 
is stored up ready to be used. The 
water rushing down a waterfall has 
kinetic energy. (In fact this energy is 
available for doing useful work such as 
driving a turbine). But since energy 
is never created (nor destroyed) the 
water must have had some kind of 
energy before it started to fall. The 


energy which the water at the top 
of the waterfall possesses because of 
its position is an example of potential 
energy. The kinetic energy of the 
moving water at the foot of the water- 
fall is less than its potential energy at 
the top. Energy has been wasted in 
friction between water molecules and 
appears as heat, so the water at the 
bottom should be slightly warmer 
than that at the top. 

The potential energy of the water 
before it starts to fall is equal to the 
work which would have to be per- 
formed in raising the water, bucket 
by bucket, from the bottom of the 
waterfall to the top. This can be 
calculated easily enough. 

The kinetic energy of the water in 
motion is governed by its velocity 
(speed) and its mass. It is calculated 
from the formula kinetic energy = 4 m v? 
where m is the mass and 2g is the 
velocity (v? is the square of the 
velocity, ze. the velocity multiplied 
by itself). If the mass is in pounds 


and the velocity is in feet per second 
then the formula gives the kinetic 
energy in foot-poundals. If the mass is 


The wound-up spring of a clock or watch 
possesses potential (stored) energy. This 
is released slowly (with the aid of an 
escapement mechanism) and reappears as 
the kinetic energy of the moving hands. 


in grams and the velocity is in centi- 
metres per second the formula gives 
the kinetic energy in ergs. 

All the different forms of energy 
(heat, electrical, light, etc.) could be 
measured in ergs. In practice each 
kind of energy tends to have its own 
units. Thus electrical energy is meas- 
ured in joules (1 joule =10 million 
ergs) and heat energy is measured 
in calories (1 calorie = 4.18 joules = 
41.8 million ergs). 
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NYONE trying to push a boat 
over a dry, level beach meets 
with a considerable opposition. The 
force which tends to oppose every 
sliding movement between solids is 
called the force of friction. Friction is 
an important feature of everyday life. 
We could not, for example, walk along 
a road unless our feet could grip on 
its surface. The brakes of a bicycle 
or motor car use the friction between 
fixed ‘ brake blocks’ and the moving 
wheel to slow it down. Of course this 
effect is not always an advantage. 
Friction between moving parts on a 
vehicle is one of the main causes of 
wear. 

The force of friction between two 
solids does not depend upon their 
areas. This may seem surprising unless 
we recall that even highly polished 
surfaces are really like miniature 
mountain ranges. They only make 


Pes hk Q 
= An oxen-drawn sledge in* Madeira.“ When 
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ses the driver wants to turn a corner he puts 


> 


*a greasy sack under one of the runners. 
The friction on that side is reduced and 
the whole sledge slews round. 


contact with each other in the very 
few places where the peaks of one rest 
on the peaks of the other. The force 
of friction between two solids does 
depend upon how hard they are 
pressed together. In the case of an 
object resting on a horizontal surface 
the frictional force which opposes any 
attempt to make it slide is directly 
proportional to the weight of the 
object. In other words the ratio of the 
frictional force to the load is constant. 
This ratio is known as the coefficient 
of sliding friction. It varies from one 
pair of substances to another. 

The friction involved in rolling is 
less than the friction involved in 
sliding. Hence it is much easier to roll 
a log along the ground than to drag 
it. This explains why the wheel forms 
such a useful part of practically all 
land vehicles. For the same reason 
ball-bearings and roller-bearings serve 
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To understand why one solid does not slide 
easily over another it is only necessary to look 
at the surface of a solid under a high power 
microscope. Even an apparently smooth piece 
of metal is seen to have tiny irregular ‘hills and 
valleys’ all over its surface (diagram left). When 
two such surfaces are rubbed together the 
‘peaks’ of one dovetail with those of the other 
so it is not surprising that movement is 
hindered. 

If the surfaces are lubricated by inserting a 
film of liquid between them, their irregularities 
are covered up by the film and they can slide 
fairly easily (diagram right). 

The most common lubricants are oils and 
grease, but graphite, a solid, is also important. 
Graphite is a form of carbon in which the atoms 
are arranged in layers. Neighbouring layers can 
slide over each other with very little friction. 

When a sledge is pushed over ice, the pres- 
sure under the runners melts the ice so that 
the sledge actually lubricates itself with a thin 
film of water as it slides along. 

The patterned ‘tread’ on a motor tyre is 
primarily intended to improve its grip on wet 
and greasy roads. A smooth tyre cannot make 
contact with the wet surface because of the 
layer of water trapped beneath it acting as a 
lubricant. But a patterned tread has a number 
of small areas of rubber with spaces between 
them. Each ‘diamond’ of the tread makes 
contact with the road surface by squeezing the 
water into these spaces. 


The amount of friction set up by a wheel 
turning on its axle can be considerably 
reduced by the use of balls or rollers. 


to make movement easier and to 
reduce wear in machinery. 

The energy spent in overcoming 
the resistance of frictional forces is 
turned into heat. The primitive 
method of starting a fire by rubbing 
two sticks together provides a con- 
vincing example of this. The heat 
produced by the friction between a 
space capsule and the atmosphere as 
it returns to Earth has proved to be 
one of the astronauts’ major hazards. 

The frictional force opposing move- 
ment between the molecules of liquids 
or gases is known as viscosity. It will 
be discussed in a later article. 
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ELECTRONICS 


POWER RECTIFIERS 


HE power from electricity can 
be used in many ways: it can be 
used to drive electric trains, to pro- 
duce light in an electric light bulb, to 
boil water in an electric kettle or to 
provide power to work an electric 
component such as an amplifier. 
Electric power may be obtained 


A HALF-WAVE RECTIFIER 


THE SHAPE OF THE VOLTAGE 
SHOWN ON AN _ OSCILLOSCOPE 


“WAVE” 
SCREEN. 


AT DIFFERENT 


needed to provide power for elec- 
tronic apparatus, steady direct current 
is usually necessary. Batteries could 
be used to provide this but they last 
for only a limited time, are expensive, 
and cannot easily give high voltages 
which are often needed. For these 
reasons alternating current from the 


PARTS OF THE CIRCUIT 


(ABOVE) AT THIS INSTANT ELECTRONS PASS ACROSS THE DIODE BECAUSE POINT X IS 
EXPERIENCING THE NEGATIVE HALF OF THE VOLTAGE CYCLE AND SO THE CATHODE IS 


MORE NEGATIVE THAN THE — E. 


IN THE NEXT HALF OF THE VOLTAGE CYCLE POINT X _ IS POSITIVE AND NO ELECTRONS 
FLOW SINCE THE CATHODE IS NOW MORE POSITIVE THAN THE ANODE. IF Mas or ee. 
HAD BEEN CONNECTED TO THE TRANSFORMER (AS “IS THE CASE IN THE CIRCU DES- 
CRIBED IN THE TEXT) THEN ELECTRONS WOULD FLOW DURING THE POSITIVE HALVES 


OF THE VOLTAGE’ CYCLE 


SMOOTHING 


The action of the smoothing section. When the pulse arrives at B some electrons pass on 


through the inductor and some charge the capacitor. When the pulse dies away the capacitor 

=) starts to discharge again and since electrons cannot return through the valve at A they must 

pass through the inductor. The capacitor takes _a longer time to discharge the electrons 

than it does to receive them in being charged. The size of the capacitor is chosen so that 

it is only partly discharged before the next pulse arrives. Hence instead of the series of pulses, 
we have only a ripple in the voltage coming from the smoothing section. 


either from a generator or from a 
battery. There is, however, a differ- 
ence between the electricity produced 
from these two sources. Current from 
the battery flows steadily in one 
direction (direct current) but, because 
of the way in which it is produced, 
the current from the generator comes 
in bursts. It is this latter type of 
electricity which we get in our homes 
and, because the current flows first in 
one direction and then in the opposite 
direction, it is called alternating current. 

This alternation does not matter 
when the current is being used to 
produce heat or light but, when it is 
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mains is used whenever possible as a 
source of power. Then, if direct 
current is needed, the alternations are 
smoothed out. This is done by a device 
called a rectifier. 


A FULL-WAVE RECTIFIER 


The simplest type of rectifier con- 
sists of a diode valve, a capacitor and 
some smoothing sections which will be 
described later. Here is a picture of 
a rectifier as it might appear in a radio 
or television set. However, it is only 
possible to understand how it works 
by looking at the circuit diagram. 
The alternating current is fed into the 
diode through a transformer. This 
transformer is not essential to the 
working of the rectifier, but it may be 
used to make sure that the current 
coming into the valve is of the correct 
size—not too large to damage it. 
Hence the transformer is always in- 
cluded in practice. Only the size of 
the current changes in the transformer 
The shape of the wave does not change 
as we can see if we display it on the 
screen of an oscilloscope. 

The article on the Diode (Issue 15 
page 230) explained that electrons 
can pass through the valve in only 
one direction. Current can flow through 
the valve circuit only when the anode 
is at a higher voltage (7.e. more 
positive) than the cathode. This occurs 
in the positive half of the wave-cycle. 
In the negative half the anode is at 
a lower voltage (.e. more negative) 
than the cathode and the flow of 
electrons stops. The current in the 
valve circuit is a series of pulses. It 
has the same form as the original 
A.C. voltage but the negative parts 
have been completely cut off. 

The pulses which remain can now 
be made into a steady current using 
a smoothing circuit which consists of 
pairs of coils (called inductors) and 
capacitors arranged as shown in the 
diagram. The ripple will not be com- 
pletely removed after it is passed 
across one inductor-capacitor pair 
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but the smoothing may be improved 
by adding more pairs joined on in the 
same way as the first. It is possible 
to make the ripple so small that the 
current coming from the rectifier is 
effectively direct current. Since only 
half the wave is used to produce the 
steady current this arrangement is 
known as a half-wave rectifier. 
Electricity taken from the mains 
has to be paid for and, obviously, 
half the power going into the half- 
wave rectifier is lost. This is un- 


necessarily wasteful and a full-wave 
rectifier is always used in practice. 
The full-wave rectifier works on the 
same principle as the half-wave type 
just described but it has two diodes 
arranged so that, when the first valve 
stops passing current, the electrons 
can pass through the second. This is 
shown in the circuit diagram with a 
smoothing circuit joined on as before. 

With the full-wave rectifier we 
need fewer sections in the filter unit 
(smoothing unit) because the closer 


With this arrangement of the circuit, electrons flowing in one direction get to A through one valve. If they flow in the other direction 

they get to the same place, A, again, through the other valve. The pulse reaching A each time is exactly the same whichever valve it 

has come through. Hence the effect of the valves is to change the alternating current into a series of pulses all in the same direction 
as can be seen from the oscilloscope screen attached to the circuit. 


CATHODE IN THIS CIRCUIT THE TRANSFORMER 
IS CONNECTED TO THE ANODES WHEREAS 
IN THE CIRCUITS AT THE FOOT OF THE PAGE 
THE TRANSFORMER IS CONNECTED TO THE 
CATHODES. BOTH ARRANGEMENTS LEAD 
TO THE SAME RESULT. 
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pulses tend to make a more even 
voltage. Also we get twice the elec- 
tron flow from the output terminals 
than we would have from the half- 
wave rectifier. 


TO COMPARE THE EFFECT OF 
THE HALF-WAVE AND THE 
FULL-WAVE RECTIFIERS 


The pulses are only half as frequent in the half-wave recti- 

fier, so the capacitor has a longer time to discharge. 

Hence the ripple is twice as large in the half-wave as in 

the full-wave rectifier: fewer smoothing sections are 

needed for the full-wave rectifier to produce a steady 
current. 
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WAVE AFTER PASSING WAVE AFTER PASSING 
THROUGH ONE DIODE THROUGH TWO DIODES 


WAVE SHAPE 
OF ORIGINAL 
VOLTAGE 


VOLTAGE (BEFORE 
SMOOTHING) IS STILL 
FAR FROM STEADY AS 
SHOWN BELOW, 


AN EN ANAN AN 


AVERAGE OF THE PEAKS AND 
TROUGHS IN THE CASE OF THE 
SINGLE DIODE (LEFT) IS ONLY 
ABOUT HALF THE AVERAGE 
IN THE CASE OF TWO DIODES 
(RIGHT). 


VOLTAGE (BEFORE 
SMOOTHING) IS MUCH 
STEADIER THAN THAT 
FROM A SINGLE DIODE, 
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The moments created 
by the pistons moving 
up and down turn the crankshaft. 


HENEVER you push a door 

open, you apply a force to the 
door and the door rotates about its 
hinge. The turning effect of the force 
is called its moment. The place about 
which any object rotates, in this case, 
the hinge, is known as the fulcrum. If 
you push on a door as far away from 
the hinge as possible, it is very easy 
to push it open. Pushing near to the 
hinge, though, requires a large amount 
of effort. This is because a small 
force some distance away from the 
fulcrum can have the same moment 
as a large force near to the fulcrum. 


MOMENTS 


PISTON 


CRANKSHAFT 


The moment of a force is defined as 
the force multiplied by the perpendi- 
cular distance between the fulcrum 
and the line of action of the force. 
(Moment = force x distance). The 
units of moments are those of force 
and length, usually either foot-pounds 
weight or centimetre-grams weight. 
For the boy on the seesaw the per- 
pendicular distance between line of 
force and fulcrum is just the distance 
along the seesaw between fulcrum 
and boy. But for the boy on the bicycle 
the distance needed is not the six 
inch distance from the fulcrum to 


equals the anti-clockwise moment of 
3x 140 foot pounds weight. 


the boy’s foot but is the shorter three 
inch distance from the fulcrum per- 
pendicular to the line indicating the 
direction of the force. 

The turning effect of a force which 
tends to turn an object in a clock- 
wise direction is called a clockwise 
moment and the turning effect of an 
opposing force is called an anticlock- 
wise moment. When the two moments 
exactly balance each other then the 
object is said to be in equilibrium. 
The simplest way of achieving equili- 
brium is to use two opposing moments 
of equal size, but it is quite possible 
to have one large moment balanced 
by several smaller moments. Here the 


3 UNITS 
OF WEIGHT 


ee 08 
Sum of __ anti-clockwise /moments=clockw 

moment. Therefore the beam Is n equim, 
The beam is in 


_ balanced by the clockwise moment. = 


sum of the smaller moments is equal 
in size to the larger moment. Equili- 
brium can also be attained by making 
several opposing moments balance 
each other. For the object to be in 
equilibrium the sum of the anticlock- 
wise moments must be equal to the 
sum of the clockwise moments. 
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~~ ricrum Ras 
The rake handle is moving in an anti- 
clockwise direction. An anti-clockwise 
moment is being applied by the man’s 
foot causing the rake to rotate about its 
turning point or fulcrum. For the rake to 
be in equilibrium and stay where it is a 
clockwise moment of the same size would 
have to be applied. 


arr equilibrium because the ; e 
anti-clockwise moments are exactly — 
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THE DIODE DETECTOR 


THE frequency of the sounds used 

in everyday speech varies between 
several hundred and about 10,000 
cycles per second, and all people use 
approximately the same range of 
audio frequencies when they speak. If 
these sounds could be changed directly 
into radio waves and transmitted (and 
such low frequencies cannot in fact 
travel like radio waves), think what 
we would hear when we switched on a 
radio set. Not only could we get all the 
radio programmes of our own country 
but we should also hear everyone else 
who was transmitting wireless signals 
as well. We would get broadcasts from 
foreign countries, police signals, the 


The detector stage of a simple radio receiver. The ‘detection’ 
(rectification) is carried out by a diode valve. The theoretical 
circuit diagram is shown above, right, while a model of the 
actual detector 1s shown below. 
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THE AUDIO FREQUENCY AND THE CARRIER FREQUENCY 


A point to bear in mind about broadcast signals: 
audio (hearable) frequencies as such are NOT 
transmitted. What is transmitted is a fixed carrier 
(radio frequency which has a regular strength) 
(diagram |). This, as it were, is the fixed ticking- 
over speed of a car engine. The audio signal is the 
movement of the car’s accelerator. (2) Each cycle 
(pull-and-push) of the radio carrier frequency is 
givena different amount of throttle by the ‘accelera- 
tor’, and is made stronger according to how much 
pressure there is on the accelerator. (3) So each 
pair of pull-and-pushes (one cycle) of radio carrier 
frequency is made the same strength but either 
plus or minus. Successive cycles vary in strength 
according to the changes in the amount of ‘throttle’ 
administered by the audio signal. So the successive 
‘pull’ pulses show a variation in strength that is 
the same pattern as the audio signal—and the ‘push’ 
pulses show an exact reverse image of the pattern. 

Now the trouble with this transmitted radio 
frequency signal is that it just will NOT work a 
loudspeaker. Even if you could construct a speaker 
that could respond fast enough you could not hear 
it. Unfortunately the sone! effect of the whole 
radio signal is zero, because each push cancels the 
movement obtainable from its paired ‘pull’. This is 
why radio receivers need a detector stage to re- 
move the ‘push’ pulses, so the overall effect is not 
zero. 
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messages: from ships at sea and many 
other stations. This might seem to be a 
very good idea, but, unfortunately, all 
the different programmes would come 
through at the same time and the result 
would be a confused jumble of noise. 

Fortunately, radio waves can have 
frequencies far higher than those we 
can hear (more than 50,000,000 cycles 
per second, in fact). The difficulty of 
taking ordinary sounds great distances 
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by radio waves is overcome by using 
radio waves of a particular fre- 
quency to carry the sound waves. This 
is done by taking the original audio 
frequency signal and imposing it on a 
much higher carrier frequency which is 
produced by an electronic device 
called an oscillator. As a result the 
strength of the carrier wave changes at 
the varying rate of the audio frequency. 

A radio set is tuned (see Radio Tun- 


ing, page 334) to receive the carrier 
Srequency (which is made different for 
different broadcasting stations), so 
now the set can pick up one pro- 
gramme at a time. To produce the 
original sound from the radio set 
the carrier frequency must be removed 
from the signal, leaving only the 
strength variation as an effective 
electrical signal. This is the job of 
the detector. The simplest type of 


HALF-WAVE DETECTION 


Here we can trace the wave as it passes through the circuit as shown on a series of oscilloscopes. The Diode allows the 
electrons to go round the circuit in only one direction. Hence only a series of pulses passes into the smoothing circuit. 
In successive sections the electrons are slowed down slightly so that the pulses are drawn out and it is seen that the shape 
of the original audio frequency wave is returning. Another smoothing section smooths the wave out even more until the 
wave is indistinguishable from the original wave. 
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The circuit shown above is a simple half-wave rectifier described in Issue 23, page 366. 
It consists of a diode valve, through which electrons can pass in only one direction 
(from cathode to anode) and a smoothing circuit to remove any ‘ripple’ still present 
in the one-way stream of electrons emerging from the valve. In this particular circuit 
the incoming current is fed to the cathode of the valve and the output is taken off 
from the anode. A negative voltage pulse arriving at the cathode from the input of the 
above circuit will drive electrons across the valve. These electrons will arrive eventu- 
ally at point X and give it a negative charge. So in effect the negative voltage pulse 
has passed through the valve. A positive pulse cannot get through the valve since this 
would mean the flow of electrons from anode to cathode—a state of affairs which 
cannot occur. 

The circuit shown on the right is a diode detector. In this particular circuit the in- 
coming signals are fed to the anode of the valve and the output is taken off from the 
cathode. A positive pulse arriving at the anode from the input will draw electrons 
from the cathode. The cathode in turn will draw electrons from point Y giving it a 
positive charge (i.e. a shortage of electrons). So in effect the positive voltage pulse has 
passed through the valve. A negative pulse cannot get through the valve. So the 
circuit on the right cuts off all the negative pulses whereas the circuit above cuts off all 
the positive pulses. In either case the effect is the same. 

These two circuits differ in another obvious way: the rectifier above uses coils 
(inductors or chokes) in its smoothing circuit while the detector on the right 
uses resistors. For this purpose coils and resistors are virtually interchangeable. 
But resistors are preferable in the case of the detector simply because they are 
more compact and cheaper than coils—two important considerations in the design of 
a radio receiver. 
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detector uses a diode valve and a 
smoothing circuit of the same type 
which has already been described for 
use in the rectifier on page 366. The 
whole arrangement is called a diode 
detector. The job which the detector 
has to do is very similar to that of 
the rectifier there described. When the 
alternating current reaches the diode, 


the top parts of the wave shown in 
the diagram try to make the electrons 
move in one direction round the 
circuit while the bottom half of 
the wave tries to make them move in 
the opposite direction. But the elec- 
trons can only pass in one direction 
through the valve. Hence the diode 
removes the parts of the wave which 


try to make the electrons pass from 
the anode to the cathode while the 
other parts of the wave get through 
unhindered. 

In the detector the sizes of the in- 
ductors (coils) and capacitors in the 
filter section are different from those 
in the power rectifier because the fre- 
quency of the pulses that have to be 
smoothed out is tremendously greater 
(maybe 20,000 times more frequent). 
We are left, in fact, with a pattern of 
variations that is the same as the 
original audio frequency signal. The 
action of the smoothing circuit causes 
one radio frequency pulse to run on 
into the next. As the strength of the 
pulses (their height on the graph) 
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varies, the smoothing leaves the direct 
current not as a steady flow, but as a 
flow which varies in strength, though 
it is a flow in one direction. 

If two diodes are used arranged in 
exactly the same way as in the full- 
wave rectifier described on page 366 
but with our new smoothing circuit, 
this will make the electron-flow out 
of the detector circuit nearly twice 
as great as in the half-wave detector 
described here. 

By passing the transmitted wave 
through the diode detector it has been 
converted back into the original audio 
frequency form free from any inter- 
ference from other broadcasting sta- 
tions. 
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A fish does not dissolve in the water 
in which it lives. If a lump 
of sugar is dropped into a tumbler 


of water the sugar dissolves. Thes¢ 


obvious statements sum up what j 
perhaps the main characteristic o} 
living things: namely that they keep 
their identity distinct from their 
surroundings. The sugar lump ‘is 
unable to remain as a solid when 


placed in water. In order to remain — 


distinct from the things around it an 
animal (and a plant too) has to ex- 
pend large amounts of energy. It 
obtains this energy from the food that 


it eats, so a large part of each day is © 


directed towards the finding and de- 
vouring of food. 

The methods of feeding and the 
types of food eaten vary considerably. 
But between many of the widely dif- 
ferent groups of animals there is often 
close similarity between the basic 
plans of the alimentary systems and 


between the juices (containing en- — 
zymes) that are released to break 


down or digest the food. For example, 
enzymes that break down proteins and 
fats, and which are chemically similar 
to enzymes in man, have been isolated 
from simple one-celled animals. 

Some animals (herbivores) obtain 
their nourishment by eating plants; 
others (carnivores) eat other animals, 
while many—called omnivores—eat 
both meat and vegetable matter. Yet 
others (parasites) live attached to other 
animals and feed off them. 

Most plants are able to make their 
own food from simple molecules by 
photosynthesis. Animals are not 
equipped to do this, so they (the con- 
sumers) rely upon the green plants (the 
producers) for their food. This is so 
whether they eat plant material or 
other animals, for at some stage in 
every food chain a plant is consumed. 
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(Below) A highly magnified view of 
three villi showing diagrammatically the 
network of tiny blood vessels and the fat- 
collecting vessels (lacteals) inside them. 
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The complicated food molecules 
that an animal eats have to be split in- 
to simpler ones before the animal is 
able to incorporate them in its own tis- 
sues. This is the purpose of digestion. 


A Healthy Diet 

In order to remain healthy an 
animal’s diet must include the follow- 
ing substances: proteins, fats, carbo- 
hydrates, certain minerals, water and, 
in minute quantities, vitamins. Carbo- 
hydrates and fats are the main sup- 
pliers of energy, though proteins 
may also be burnt to supply energy. 
Minerals are needed for such tasks 
as making bone and for the work- 
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) part of the intestine showing 2 the 
ead ts forced along by peristalsis; (2) the 
arrangement of the muscular coats a the 
intestine; (3) an enlarged view of part of 


the wall of the intestine to show the 
ridges covered with the finger-like villt. 


ings of nerves and muscles. Many 
enzymes are unable to work in the 
absence of certain ions and their 
molecules may contain atoms from 
minerals. Phosphorus is extremely im- 
portant because phosphate-containing 
compounds store energy that may be 
released for such processes as muscle 
contraction. 


Digestion in Man 

In humans the breakdown of the 
food begins in the mouth where it is 
mixed with the saliva. This watery fluid 


contains an enzyme ftyalin that acts 
on starch and converts it to a sugar, 
maltose. The tongue and the teeth 
help to break the large food particles 
down to smaller ones and thus ensure 
that as much of the food as possible 
is exposed to the action of the ptyalin. 

After the food has been mixed, 
partly digested and thoroughly wet- 
ted by the saliva, it is swallowed and 
passes down the oesophagus to the 
stomach. The food is moved through 
the oesophagus and the rest of the gut 
by the rhythmical contraction of the 
muscle in the wall of the gut. This is 
called peristalsis. 

The stomach is a muscular bag that 
leads into a long, narrow tube, the 
small intestine. Where this joins the 
large intestine, there is a small blind 
tube—the caecum—at the end of 
which is the appendix. The large 
intestine leads into the rectum which 
opens to the outside by way of the 
anus. 

In the stomach the food is sterilized 
by hydrochloric acid produced by cells 
in the stomach lining. Other cells 
release an enzyme pepsin which starts 
the breakdown of proteins. Another 
enzyme, rennin, clots milk by acting 
on the protein in it. The passage of the 
milk through the gut is slowed down. 
Thus more of the food value is ex- 
tracted. This is of great importance 
in young mammals where initially the 
sole food is milk from the mother. 
Together with mucus (slime) the food 
is mixed in the stomach to form a 
paste called chyme. 

A ring or sphincter muscle regu- 
lates the passage of food out of the 
stomach into the small intestine. The 
food has changed little chemically so 
far and only a small quantity has been 
absorbed by the stomach lining. In 
the small intestine many more enzy- 
mes are released and the chemical 
breakdown of the food is completed. 

Various glands pour the fluids that 
they produce onto the food. The liver 
produces bile which enters the intes- 
tine through the bile duct. The pan- 
creas, a gland between the stomach 
and the first loop (duodenum) of the 
small intestine, releases the pancreatic 
juice, an alkaline fluid that contains 
trypsin, an amylase and a lipase. Trypsin 
breaks down proteins to small units 
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A PERISTALTIC WAVE SHOWN PASSING OVER THE STOMACH FROM ITS RIGHT SIDE 


called proteoses and peptones, and 
these into smaller units made up of a 
few amino acids. The amylase breaks 
down starch into maltose (malt 
sugar), and lipase converts fats into 
fatty acids and glycerol. 

The bile plays an important part in 
the digestion of fats. Salts that it 
contains (the bzle salts) split up the 
large fat droplets into smaller ones 
by lowering their surface tension—a 
process called emulsification. 

Glands in the lining of the duo- 
denum release an alkaline juice that 
contains a small quantity of an en- 
zyme similar to pepsin. This juice and 
the pancreatic juice, together with the 
bile and the intestinal juice proper, 
makes the chyme less acid. 

The intestinal juice proper contains 
the powerful enzymes erepsin, a lipase, 
several enzymes that act on carbohy- 
drates, and enterokinase. The latter 
acts on the érypsinogen (which has no 
action on the food) produced by the 
pancreas and converts it to ¢trypsin 
(which breaks down protein). Erep- 
sin breaks down proteoses and pep- 
tones to amino acids, and the lipase 
breaks down fats to fatty acids, and 
glycerol. Carbohydrates are broken 
into sugars. 

The lining of the intestine is not 
smooth but it is thrown into a series 
of ridges or folds that are covered 
with finger-like projections called villi 
(singular—villus). Muscle cells are 
scattered through the interior of each 
villus and the wall of the intestine 
has two well-developed coats of muscle 
fibres. In the inner coat (circular 
muscle) the fibres run round the gut 
and in the outer coat (longitudinal 
muscle) they run lengthwise along 
the gut. The muscles of the gut are 
constantly contracting and relaxing, 
gently pushing the food along. Each 
villus contracts independently of the 
other villi about six times a minute, 
bobbing up and down like corks in a 
bowl of water. This helps to increase 
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the efficiency with which the broken- 
down food is absorbed. 

As the food moves through the gut, 
conditions there are continually chang- 
ing. The food itself becomes more 
and more liquid as juices are added to 
it and as it is gradually broken down 
into smaller molecules that can pass 
through the gut wall. This is the 
main aim of digestion. The carbo- 
hydrate protein and fat molecules are 
too large to pass through the gut 
wall; they must be broken down into 
sugars (mainly glucose), amino acids, 
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A diagram showing the passage of the 
digested food away from the intestine 
through the hepatic portal vein to the liver. 


and fatty acids and glycerol respec- 
tively before they can be taken up by 
the cells of the body. 


Absorption 

Most of the absorption of food takes 
place in the small intestine. The 
large intestine is largely concerned 
with the absorption of water. This 
has been released as the main part of 
the fluids that help to convert the 
food to a liquid form so that it can 
readily be moved through the gut and 
is in a more suitable state for enzyme 
action. The passage of the food 
through the gut is eased by the pro- 
duction of mucus (slime). This also 
aids the formation of the faeces which 
consists of undigested food and, 
amongst other things, substances from 
the bile. The large intestine has no 


villi, but its wall has a rich supply 
of blood vessels that collect the water 
absorbed. 

Amino acids and sugars are ab- 
sorbed by the cells of the villi and pass 
from them into the blood capillaries 


there. These join to form the hepatic 
portal vein that carries them to the 
liver. Most of the fatty acids ab- 
sorbed pass into spaces (lymph spaces) 
in the wall of the gut where they are 
built up into fats once more. Fat- 
collecting vessels called Jacteals carry 
the fat to a main blood vessel entering 
the heart and it is distributed to the 
parts of the body that need it for fuel, 
or it is stored. 


FAMOUS SCIENTISTS 


ALESSANDRO VOLTA 
and the § 


T the end of the 18th century 
practically nothing was known 
about electricity. Yet only 25 years 
later Faraday had discovered two of 
the most important electrical effects, 
electromagnetism and electrolysis. In 
between came Alessandro Volta 
(1745-1827), the inventor of the simple 
electric (voltaic) cell. The working 
of the cell is described on page 39. 
Volta was an Italian scientist, 
professor first at his native Como, and 
then at Pavia. Most of his early 
experiments were conducted with the 
minute quantities of electricity pro- 
vided by friction (static electricity). 
He improved the methods of making 
frictional electricity with a device 
called an electrophorus. But theelectro- 
phorus could do no more than pro- 
duce sparks—sudden movements of 
electrical charges. It was an enter- 
taining toy with no practical uses, for 
the ‘currents’ it produced flowed for 
only a fraction of a second, and were 
still about a million times smaller 
than those we use today for heating 
and lighting. Very little could be done 
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with these tiny amounts. One of the 
few possible fields of study, and one 
which attracted considerable interest 
at the time, was Animal Electricity, 
the effects of passing electric current 
through animal tissue—usually frog’s 
legs. Another Italian scientist, Gal- 
vani, had connected a copper rod to 
the nerve in a frog’s leg, and a rod 
of a different metal, iron, to the 
muscle. When the ends of the two 
pieces of metal were placed in con- 
tact, the muscle twitched, as it did 
when an electric current passed 
through. Galvani thought that elec- 
tricity had been produced, in some 
mysterious way, by the twitching of 
the muscle. 

However, Volta realised that the 
nerve and muscle were merely re- 
sponding to an electric shock. The 
important thing was that two different 
metals had been joined at one end, 
and separated at the other by a con- 
ducting solution (the weak electrolytic 
fluid in the frog’s leg). Animal tissue 
was not necessary at all. In 1799 
he made the first simple cell by 


Volta’s Piles were simple 
electric cells stacked on top 
of one another. When he 
completed the circuit by 
closing the switch, the elec- 
tric current passing from 
nerve to muscle stimulated 
the frog’s legs, and they 
twitched. 
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dipping rods of copper and zinc into 
brine, and joining them. An electric 
current flowed through the circuit 
that joined them. The current was far 
larger, and lasted far longer, than any- 
thing experienced before. Higher 
electric pressures (voltages) could be 
obtained by connecting simple cells 
in series. This idea led to the Voltaic 
Pile, which consisted of alternate 
layers of zinc and copper discs, 
separated by flannel discs soaked in 
brine or acid. 

Credit is given to Volta for the 
invention of the simple cell, but he 
never found the right explanation for 
its working. He wrongly ascribed the 
current to the actual contact of the 
two metals, whereas it in fact results 
from chemical action of the electro- 
lyte on the zinc rod. 

The discovery was acclaimed im- 
mediately, and in 1801 Volta went to 
Paris to demonstrate his so-called 
‘contact’ electricity to the Emperor 
Napoleon. Later, the unit of electrical 
pressure, the volt, was named after 
him. 

Although Volta himself was in- 
terested more in developing his 
batteries than applying them, the 
voltaic cell rapidly became used by 
scientists everywhere as a powerful 
tool for research. The currents pro- 
duced with the aid of voltaic cells 
led to the discovery of the heating, 
chemical and magnetic effects of 
electricity. 
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GEOPHYSICS 


HE Sun radiates energy in the 

form of heat and light and for the 
Earth it is practically the only source 
of this form of energy. Rays of heat 
and rays of light may seem to be 
quite different. Light can be seen 
but not felt, for instance, while 
heat can be felt but not seen. But 


SOLAR 
RADIATION 


25 UNITS. TOTAL REFLECTION 


really the only difference between 
them lies in their wavelengths. Wave- 
lengths of radiation are so minute 
that they have to be measured in 
special units, either microns or ang- 
stroms. A micron is 0:0001 centimetre 
and written as the Greek letter « (pro- 
nounced mew), while an angstrom is 


000000001 centimetre and denoted 
by the letter A. 

The visible radiation we see as 
light has wavelengths between 0-4 and 
o-7“. The reason for this range of 
wavelengths is that light, which ap- 
pears white, is really a mixture of 
colours. At one end of the visible 
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spectrum (the range of colours which 
make up light) is violet light with 
a wavelength of about 0-4 and at the 
other end is red light with a wave- 
length of about 0-7“. Heat, or infra- 
red radiation, which cannot be de- 
tected by the eye, has wavelengths 
greater than this, while the wave- 
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lengths of ultra-violet radiations (those 
responsible for tanning the skin and 
once again invisible) are shorter. 

If the Earth had stored all the 
heat it has been receiving from the 
Sun in the past our planet would 
have become a glowing ember many 
many millions of years ago. But ob- 
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viously this is not the case. The reason 
why this has not happened is that 
every body of matter radiates energy 
as well as absorbing it and generally 
speaking there comes a temperature 
for every body when it radiates as 
much heat as it absorbs. For all 
practical purposes the Earth has 
reached this state. It is becoming 
neither hotter nor colder under the 
influence of the Sun’s radiation. 


Solar Radiation 

Exactly the same amount of energy 
is radiated by the Earth as it 
absorbs from the Sun. This simple 
statement sums up the heat balance 
of the Earth and its atmosphere, but 
the way in which it is brought about 
is rather more complicated, for only 
a certain percentage of the radiant 
energy of the Sun is actually absorbed 
by the Earth. In the first place, a 
proportion of the incoming solar 
radiation is reflected, just as rays of 
light are reflected by a mirror. The 
percentage of the solar radiation that 
the Earth and its atmosphere reflects 
is called its albedo and for the Earth as 
whole this amounts to some 36%. In 
other words, 36°% of the solar radia- 
tion destined for the Earth is lost by 
reflection. This figure is the result 
of a number of different reflecting 
surfaces, each with its own albedo. 
Most reflection takes place from the 
tops of clouds which have albedoes 
ranging from 40 to 80%, while least 
reflection takes place over water. 
The albedo of land surfaces varies 
according to their nature, with dense 
forests at one end of the scale (around 
5%) and sandy deserts at the other 
end (around 20%). The albedo for 
glistening snow surfaces may be as 
high as 80%. Generally speaking, the 
albedo for the Earth as a whole does 
not change significantly from region 
to region (except where extensive 
snow caps exist) but is governed largely 
by the amount of cloud cover. 

Another factor is the scattering of 
radiation. This is caused by small 
particles or droplets suspended in the 
atmosphere and even the molecules of 
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showing the overall polewards transfer of heat in the northern hemisphere taken at different latitudes. 


the gases which make up the atmo- 
sphere. Particles whose diameter is 
smaller than wavelengths of the radia- 
tion can scatter a portion of it. The 
effect on light is rather interesting. 
Blue light is scattered more easily than 
red light. Thus, sunlight reaching the 
Earth’s surface is richer in red than 
when it left the Sun. This is especially 
noticeable when the Sun’s rays have 
to travel a long way through the 
atmosphere (when the Sun is low in 
the sky). Particles which scatter the 
blue light appear blue—hence the 
colour of a cloudless sky. 


The Earth intercepts only a minute portion 
of the total solar radiation. As shown here, 
the Earth is greatly exaggerated in size. In 
fact, on this scale it ought to be too small to 
be seen. 


Another factor is absorption of solar 
radiation by the gases and dust in the 
atmosphere. From the point of view 
of human beings the most important 
factor here is a layer of ozone (a special 
form of oxygen) which readily absorbs 
ultra-violet radiation. This is of vital 
importance, for while a small amount 
of ultra-violet radiation is good for 
us, too much would be fatal. It is 
interesting that water vapour, despite 
the small proportion of it in the 
atmosphere (usually less than 3%), 
absorbs more than six times as much 
solar radiation as all the other gases 
combined. 

Putting together reflection, scatter- 
ing and atmospheric absorption, the 
percentage of solar radiation actually 
absorbed by the Earth itself ranges 
from about 30 to 50% of the amount 
intercepted. Add to this _ the 
fact that the Earth only intercepts 
0:0000000005°%, of the total solar 
radiation in the first place and we 
have some idea of the tremendous 
amount of energy released by the Sun. 


Terrestrial Radiation 

The atmosphere is more or less 
transparent to incoming solar radia- 
tion, i.e. it absorbs about 16% at 
the most. So we might expect it to 
be equally transparent to outgoing 
radiation from the Earth. But this 
is not the case, for terrestrial radia- 


tion is rather different from solar 
radiation and the difference once 
again lies in the wavelengths. The 
amount of energy radiated in any 
particular wavelength depends upon 
the temperature of the radiating 
body. A diagram shows that about 
one half of the solar radiation is in 
the form of visible light and about 
one half in the form of radiant heat. 
But the temperature of the Earth 
is very different from that of the 
Sun and, as a result, most of the 
terrestrial radiation is included in the 
4 to 50u range of wavelengths with a 
maximum at rou. Now the gases of 
the atmosphere only absorb radiation 
of certain wavelengths and_ their 
power of absorption happens to be 
quite strong in certain parts of this 
range. Once again it is water vapour 
which plays by far the most important 
part. This absorbs radiation over a 
wide range of wavelengths, par- 
ticularly between 5-5 and 74 and over 
274. But for wavelengths between 8 
and 134 water vapour is almost trans- 
parent and these radiations from the 
Earth go straight out into space 
through this atmospheric ‘window’. 


The Greenhouse Effect 

The atmosphere in fact gives a 
greenhouse effect over the Earth. A 
greenhouse allows most of the solar 
radiation to pass through it and be 


The thermocouple principle (see Issue 4, 
page 60) may be used to measure solar 
radiation. The silver ring reflects, and the 
blackened ring absorbs, all solar radiation 
falling upon them. The current produced 
depends upon the difference in temperature 
between the two rings. 


absorbed by the plants and ground 
inside. But the glass absorbs much of 
the energy re-radiated by the plants 
and ground (these, being at a lower 
temperature than the Sun, radiate 
energy in longer wavelengths) and 
sends part of it back into the green- 
house. In this way the temperature 
inside the greenhouse is kept higher 
than that of the surrounding air. 
The gases in the atmosphere, par- 
ticularly water vapour, play a similar 
role to the glass in a greenhouse. 
They allow almost all of the solar 
radiation to pass through but absorb 
much of the terrestrial radiation and 
send part of it back to the Earth. 
Thus the temperature in the atmos- 
phere is higher than that outside of it. 
If the gases of the atmosphere allow 
the passage of incoming solar radia- 
tion but absorb much of the outgoing 
terrestrial radiation, it would seem as 
though the Earth’s atmosphere should 
gradually become hotter and hotter. 
Since this is obviously not happening, 
the Earth as a whole must be radiat- 
ing out into space the same amount of 
energy as it absorbs. This is indeed the 
case, for although the water vapour ab- 
sorbs much of the terrestrial radiation 
it only re-radiates a certain part of it 
back to the Earth; sufficient energy is 
radiated from the top of the atmos- 
phere out into space to maintain the 
heat balance. Itsimply means that there 
is a ‘store’ of energy in the atmosphere 
which does not increase or decrease. 
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The Heat Flow 

The Earth as a whole maintains 
a constant heat balance over a 
long period of time. But the pic- 
ture is rather different when the 
Earth is taken in sections, for there 
is an excess of incoming radiation in 
low latitudes and an excess of out- 
going radiation in high latitudes. This 
state of affairs suggests that low 
latitudes should get hotter and hotter 
while high latitudes should get colder 
and colder. 

This does not happen because heat 
is transferred from low latitudes to 
high latitudes by the movement of 
air. In fact the world-wide motions of 


TERRESTRIAL RADIATION 


air within the atmosphere (the planet- 
ary wind system) results from this 
lack of balance. The amount of heat 
that needs to be transported is vast. 
For instance, over one hundred mil- 
lion million million Calories of heat 
need to be transported northwards 
across the 40° North line of latitude in 
order to maintain the heat balance 
each day (the figure varies for each 
latitude). A large Calorie (spelt with 
a capital C) is the heat needed to 
raise one kilogram of water through 
one degree centigrade. 


Satellites, such as the one pictured below 
(Explorer VII), are helping to measure 
solar and terrestrial radiation values. 


A typical cathode-ray oscilloscope, connected to show the waveform of an A.C. signal of a 
Sew volts, at a frequency of about 2 Kc/s. The ‘TRIG’ knob is not used for this. 


T first sight the cathode-ray oscil- 
loscope (or oscillograph) looks 
like a small television set with a 
bewilderingly large collection of 
knobs. In fact, the oscilloscope is 
similar to a television set in many 
ways; and though the number of knobs 
is large, each performs a very simple 
function. A beam of electrons is pro- 
duced in a tube, which is just like a 
television tube, and similar to the 
tubes of electronic valves. The beam 
strikes a fluorescent (light-emitting) 
screen, where it appears as a pin- 
point of light. 
It is possible to move, or deflect, 
the electron beam, and to make it 


follow the movement of the wave pat- 
tern of any electric current. The pin- 
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The cathode-ray tube is like a triode valve 
with a hole in its anode. The electrons are 
focused through a hole in the anode and 
travel on to strike a screen. 
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SCIENTIFIC INSTRUMENTS 


point of light traces out a path (called 
a trace) on the screen. The oscillo- 
scope pictures the movement of the 
electric current. 

The beam is moved by devices 
called plates (which are actually capa- 
citor plates). There are two sets of 
these—the X-plates, which deflect the 
beam horizontally, and the Y-plates, 
which deflect it vertically. On the 
front of most oscilloscopes are two 
terminals, which are usually called 
‘X’ and ‘Y’. Suppose we connect an 
ordinary battery across the ‘Y’ and 
the ‘earth’ terminals. This gives a 
steady voltage, and it moves the pin- 
point of light either up or down, de- 
pending on which way round we have 
connected the battery. A similar, but 
horizontal, deflection occurs when the 
battery is connected across the ‘X’ 
and the ‘earth’ terminals. There are 
two other knobs, which are called 
X-shift and Y-shift, and which do pre- 
cisely the same thing as the battery 
by a convenient switching in of a 
D.C. voltage. With these knobs the 
spot of light can be moved, by a suc- 
cession of horizontal and_ vertical 
steps, all over the screen. X-shift and 
Y-shift are sometimes marked, or 
calibrated in voltages. This is because 
the larger the voltage applied to the 
plates, the greater the deflection on 
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THE ELECTRON BEAM IS 
ATTRACTED TOWARDS 
THE UPPER ‘Y’ PLATE. 
THE CIRCLES SHOW THE 
BEAM WHEN THE 
LOWER ‘Y’ PLATE IS 
POSITIVE. 
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1. No signals on either plates, and the beam is not deflected. 2. A battery is connected across the ‘Y” plates, making upper plate positive. 
3. The battery 1s connected the opposite way round. 4. The battery is removed and the spot of light returns to the centre of the screen. 
5 & 6. The battery is connected across the ‘X° plates. 


the screen. The distance the pin-point 
moves on the screen can actually 
measure the voltage applied. The sensi- 
tivity of the oscilloscope is given by the 
makers and is the number of volts 
needed to move the beam, say, one 
inch. Most oscilloscopes have a num- 
ber of different sensitivities, which 
range from perhaps 100 volts/inch to 
10 millivolts/inch (a millivolt is a 
thousandth of a volt). If the voltage 
being examined is about 100 volts, 
then obviously the instrument is 
switched onto the 100-volt range. 

What happens when an alternating 
voltage is applied to the ‘Y’ terminals? 
Say it is connected across the ordin- 
ary domestic 240-volt, 50-cycles-per- 
second electricity supply, selecting 
the 100-volts/inch sensitivity (and 
making sure that the instrument can 
take 240 volts). The pin-point of 
light spreads out into a line. It does 
this because the voltage applied varies 
continuously between a positive and 
a negative value (an A.C. to-and- 
fro voltage), and the electron beam 
follows this continuous variation, 
moving in a vertical line, oscillating 
between its maximum (peak) values. 
At 50 cycles per second the beam 
moves too quickly for our eyes to de- 
tect that it is moving up and down. 
So it appears to us as a vertical 
straight line. The straight line ex- 
tends 24, inches either side of the 
centre (since the voltage alternates 
between 240V and —240V). 

More interesting effects happen 


when a beam is deflected in both direc- 
tions at once. The electric signal we 
wish to observe is applied to the ‘Y’ 
and ‘earth’ terminals. The signal 
applied in the ‘X’ direction is sup- 
plied by an oscillator in the oscil- 
loscope itself, and there is a knob 
(called the time base knob) on the 
front of the oscilloscope for altering 
the frequency of this current. If there 
are 100,000 cycles per second, then 
the time taken for the beam to cross 
the screen and fly back is th of a 


1 
100,000 


second. The oscillator signal is not of 
the simple sine wave (~) type. In- 


. A.C. on the *¥” plates makes the spot move up and down. 


stead it has the form shown in the 
diagram. This is called a saw-tooth 
time base wave. The voltage increases 
uniformly, and then drops suddenly 
to zero. On the screen the pin-point 
moves with a uniform velocity, say 
from left to right, and then im- 
mediately afterwards appears at the 
left again, as the voltage drops to no- 
thing. It is really tracing in one direc- 
tion only, from left to right, although 
our eyes cannot detect the difference 
between this trace and that produced 
from the vertical line by a sine wave 
from the mains. The time-base knob 


4. 
2. What is actually seen. 


; & 4. The line is moved by D.C. voltages on the ‘X° plates. 
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An A.C. signal on the ‘X’ plates moves the spot horizontally. D.C. on‘Y plates moves line. 
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One cycle of the saw-tooth time-base wave 
which 1s applied to the ‘X” plates. 


may be marked in units of the tzme taken 
for one complete cycle, or oscillation. 

If a steady voltage from the battery 
is now applied to the ‘Y’ plates, the 
horizontal line moves either up or 
down. But if an alternating signal 
(240 volts, 50 cycles A.C.) is being 
investigated, then the line takes the 
same form as the signal voltage wave- 
form. A sine wave signal direct from 
the mains will appear as a sine wave 
on the screen. The diagram shows 
how this is so. The sine wave trace 
is like a coiled spring which is pulled 
out by the horizontal trace. 

In general the sine wave will appear 
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HORIZONTAL LINES REPRESENT THE TIME-BASE 
WAVE AND VERTICAL LINES A SINE-WAVE ON 
THE ‘Y’ PLATES. THEIR RESULTANT IS A SINE- 
WAVE ON THE SCREEN. 
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THAN ONE 
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SIGNAL 


OCCASIONALLY 
TIME-BASE 
AND SIGNAL 


CYCLES START 
TOGETHER 


The sum of a saw-tooth wave on the ‘X’ 
plates and a sine wave on the ‘Y” plates is a 
sine wave on the screen. 


to be moving across the screen, but if 
we alter the time-base knob so that it 
reads 4 second (50 cycles/second), 
the wave stops moving. On the screen 
we see a complete, stationary, sine 
wave. Why did the wave appear to 
move at first, and why did it stop 
when the oscillator frequency was set 
at 50 cycles/second? Suppose the 
oscillator frequency is 49 cycles per 
second (i.e. each cycle takes a fraction 
of a second longer than the mains 
cycle), and that by some chance both 
waves start at the same time, at the 
left of the screen. Then by the time the 
saw-tooth wave first reaches the right 
of the screen the sine wave has finished 
its first cycle and has already started 
on its second. When the saw-tooth 
wave begins again at the left, the sine 
wave has completed part of its next 
cycle. The sine wave gets a little bit 
farther ahead every cycle. This hap- 
pens 49 times a second, and since the 
jumping of the wave from right to 
left is too quick for our eyes to follow, 
the result is that the wave appears to 
move to the left. When the frequency 
knob is turned to 25 cycles/second, 
the wave stops moving again, and two 
complete waves appear on the screen. 
In fact the wave stops moving when 


When the time-base and signal frequencies 
across the screen. 


SO SECOND THIRD START 
START OF OF TIME-BASE 
TIME-BASE BEGINS ONE 

BEGINS PART THIRD 

WAY THROUGH HROUGH THIRD 
CYCLE 


ADJUST THE . .. AND THEY 


TIME OF BEGIN AND END 

THE TIME . TOGETHER. 

BASE TO THE PICTURE 
THAT OF THE IS 
SIGNAL... STATIONARY 


the ‘X’ signal and ‘Y’ signal fre- 
quencies are simple multiples of one 
another (e.g. at 25, 50, 100, 150 
cycles per second on the frequency 
selector knob). When we know the 
frequency which this knob reads, and 
the number of complete cycles appear- 
ing on the screen, then the frequency 
of the signal on the ‘Y’ plates can 
easily be calculated. 

The ‘*Y’ plate signal need not be 
sinusoidal (~ shaped). Any wave 
pattern, however complicated, will 
be traced. The diagrams on page 
371 show what kind of trace is ob- 
tained when the ‘Y’ terminals are 
connected across a detecting circuit. 
The wave received by the aerial is a 
complex wave, consisting of a high 
(radio) frequency and a low (audio) 
frequency. The oscilloscope can be 
used to show the changes in the wave- 
form as it is chopped up and re- 
arranged to feed the radio amplifiers. 

The labelling on the knobs of the 
oscilloscope is by no means standard, 
and can be confusing. Once the knobs 
have been identified with the simple 
functions of moving a spot of light up or 
down, left or right, or making the spot 
move quicker, then the operation of the 
oscilloscope is fairly straightforward. 


are not the same, the wave appears to move 
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TELEPMONES 


listen. 
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ELEPHONES send and receive 

electrical signals between sender 
and receiver; the signals are conveyed 
through wires. Two wires are needed, 
since the electrical signals can flow 
only round a completed circuit. At 
both ends of the line are a tele- 
phone mouthpiece and earpiece. The 
mouthpiece contains a microphone, 


This 1s a simple one-way field tele- 
phone. The speaker's votce is trans- 
lated by the microphone into fluctuat- 
ing currents, which pass round the 
circuit and are converted back to 
sound waves by the loudspeaker. 


In the two-way field telephone, both 
caller and receiver can speak and 


BATTERY 


When extra power is supplied to the signals by a battery, the 
caller and receiver can hear each other when they are much 
farther apart. 


in which sound waves are converted 
into fluctuating currents. The ear- 
piece is a small loudspeaker which 
converts the electric currents back 
into sound waves. In the simplest 
type of field telephone there is no 
need of any supply of electricity. 
The movement of the diaphragm 
caused by the voice is sufficient to 
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generate a to-and-fro flow of electrons. 
This alternating current will flow 
round a circuit, on the way passing 
through the earpiece. In the earpiece 
the alternating current activates an 
electromagnet which pulls and pushes 
a diaphragm. The vibrations of the 
earpiece diaphragm are a repeat of 
the vibrations of the microphone 
diaphragm, and so the sounds coming 
from the earpiece are a repeat of those 
falling on the microphone. 

This means that spoken messages 
can be sent over wires. Fluctuating 
currents travel almost instantaneously 
along the line wires. In theory it is 
possible to send the electrical signals 
over long distances. However, if, 
as in a simple field telephone, the 
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only power sent along the line is 
supplied by the caller’s voice, the 
distance a signal can travel is limited. 
The minute currents are soon swal- 
lowed up in overcoming the resistance 
of the connecting wires. The range of 
the signal can be increased by supply- 
ing extra power to the microphone 
with a battery. 


_FORCES— 


LEVERS 


[TEVERS form one of the most impor- 
DS groups of simple machines, 
devices which enable energy to be 
used in the most advantageous way. 
At its simplest a lever is a rigid bar 
which can be turned freely round a 
fixed point (known as the fulcrum), 
and it is surprising what such a simple 
device can achieve. Given the right 
conditions a man could, for instance, 
lift a motor car on his own, a feat 
quite impossible without such a tool. 
Three terms need to be explained in 
discussing levers. The load which is 
lifted or moved is referred to as the 
resistance. The force used in moving 
it is ‘called the effort—both of these 
may be measured in pounds weight. 
The mechanical advantage is the ratio of 
the resistance to the effort. Expressed 
as a formula: 
mechanical advantage= 


resistance 
effort 


FULCRUM 


FIRST ORDER LEVER. The rene 


is between resistance and effort. 


EFFORT 


SECOND ORDER LEVER. The re- 


sistance is between fulcrum and effort. 


THIRD ORDER LEVER. The effort 
is between resistance and fulcrum. 
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Orders of Levers 


The first order of levers has the fulcrum 
(pivot) in between the resistance at one 
end and the effort at the other. A simple 
example is the seesaw. Using this type of 
lever we can lift objects which normally 
we should find difficult if not impossible 
to move. As the diagram shows, the resis- 
tance and the effort move in opposite direc- 
tions, one up, the other down. Now if the 
fulcrum of a lever is exactly halfway be- 
tween effort and resistance the mech- 
anical advantage will be one (i.e. a certain 
amount of effort is required to move an 
equal amount of resistance). If, on the other 

- hand, the fulcrum is nearer to the resistance 
than it is to the effort there will be a greater 

_ mechanical advantage. From this it can 
been seen that a vital factor in the design 
of a lever is how far the resistance and the 
effort are from the fulcrum. The equation 
governing this factor is: 

Resistance x Distance from Resistance 
to Fulcrum = Effort x Distance from 
Effort t6 Fulcrum 

If the resistance is great, then the fulcrum 


“must be nearer to it than to the effort. 


This equation applies to all kinds of levers. 

If the resistance is tending to pull the 
lever in a clockwise direction, then the 
effort will be pulling it in an anti-clockwise 
direction. The two will be exerting oppos- 
ing turning effects, or moments. (Moment 


For example, if an effort of 100 lb. 
has to be applied to a lever to raise a 
load (resistance) of 300 lb., the mech- 
anical advantage of that lever would 
be 3. The larger the mechanical ad- 
vantage, the greater is the resistance 
that can be moved by the lever with 
the same effort. It must be empha- 
sised, however, that neither levers nor 
any other kind of machine can create 
energy (indeed they tend to waste it 
for reasons which will be explained 
later)—they merely enable it to be 
used to better advantage. 

For convenience levers are often 
divided into three orders or classes: 
the first, the second, and the third. 
In fact there is no actual difference 
in the principles by which they work, 
and similar calculations can be 
applied to all of them. The distinc- 
tions between them are concerned 
with the relative positions of the ful- 
crum, the effort and the resistance. 

Levers do not create energy. How 
then do they succeed in moving 
greater loads than is otherwise pos- 
sible? The answer is quite simple. If 
they move a greater load they do not 
move it so far as they would if the effort 
was applied directly. Thus a man 


equals the force applied routelplied by the 
perpendicular distance from the line of 
action of the force to the fulcrum.) For the 
two moments to balance each other the 
moment of the resistance must equal the 
moment of the effort. This is just another 
way of expressing the equation stated 
above. For the effort to actually move the 
resistance, a slightly greater effort will be 
required. 

he second order of levers has the fulcrum 
at one end and the effort at the other, 
with the resistance in the middle. An every- 
day example is the wheel-barrow (com ‘a 
cated slightl by the.addition of a wheel at 
the fulcrum). The load can be raised by 
lifting the handles of the barrow. Here . 
tg the mechanical advantage is greater 

e longer the distance between ficrurs 
and effort and the shorter the distance 
between fulcrum and load. 

The third order of levers has the least 
mechanical advantage of all, and in fact a 
greater effort is needed than the amount of 
resistance moved. Here the fulcrum is at 
one end and the resistance at the other, 
with the effort in between. The human 
arm uses this type of leverage, with the 
elbow as the fulcrum, the resistance held 
in the hand and the effort applied by a 
contracting muscle in the upper arm 
attached to the forearm. 


using a force of roo lb. to raise a 
resistance of 300 lb. will raise it 
only one inch for every three inches 
he pushes on the lever. In the case of 
levers where there is a mechanical 
disadvantage (i.e. the effort has to 
be greater than the resistance) the 
resistance is moved more than the 
effort. 


RESISTANCE 
OR LOAD 
100 LB, WT. 


anti-clockwise moment = clockwise moment 
| ft. x 100 Ib. wt. =4 ft. x effort 
100 Ib. wt. =4 x effort 
25 |b. wt. =effort 
resistance 
effort 
_ 100 Ib. wt. 
~ 25 Ib. wt. 


mechanical advantage = 


Using this lever, the effort needed is only a 
quarter of that needed to pick the stone off 
the ground. 


